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(57) In a magneto-optical recording medium, a 
first magnetic layer for participating in repro- 
duction of information is laminated on a sub- 
strate. A second magnetic layer Ibr storing 
infonmation is laminated on the first magnetic 
layer. A third magnetic layer having a Curie 
temperature lower than those of the first and 
second magnetic layers is disposed between 
the first magnetic layer and the second mag- 
netic layer. A magnetization of a region of the 
first magnetic layer adjacent to a region of the 
third magnetic layer the temperature of which is 
above the Curie temperature of the third mag- 
netic layer is aligned with the direction of mag- 
netization of a region around the region of the 
first magnetic layer. 
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The present invention relates to a magneto-optical recording medium, wherein information is recorded and 
reproduced using a laser beam, and more specifically, to a magneto-optical recording medium and a magneto- 
optical reproducing method, which are capable of realizing high-density recording and super-resolution repro- 
duction. 

5 As a high-density recording system which is rewritable, a magneto-optical recording system has been re- 

ceiving a lot of attention, wherein information is recorded by writing magnetic domains in a magnetic thin film 
using thermal energy of a semiconductor laser beam, and the recorded Information is read out using a magneto- 
optical effect. In recent years, the demand has been Increasing to enhance the recording density of this mag- 
neto-optical recording medium for further increasing its storage volume. 

10 Aline recording density of an optical disc, such as, the magneto-optical recording medium, largely depends 
on a laser beam wavelength 1 in the reproducing optical system and the number NA of apertures of an objective 
lens. Specifically, since a diameter of a beam waist is determined when the reproducing light wavelength and 
the objective lens aperture number are determined, the shortest mark length which can be reproduced is limited 
by about a72NA. 

15 On the other hand, a track density is mainly limited by crosstalk between adjacent tracks and depends on 
the diameter of the reproducing beam spot like the shortest mark length. 

Accordingly. In order to realize the higher-density recording with the conventional optical disc, it is neces- 
sary to shorten the laser beam wavelength in the reproducing optical system or Increase the number NAof 
apertures of the objective lens. However, it is not easy to shorten the laser beam wavelength in view of eff i- 

20 clency of the element, generation of heat and the like. On the other hand, when increasing the number of aper- 
tures of the objective lens, the processing of the lens becomes difficult, and further, a distance between the 
lens and the disc becomes so short that a mechanical problem, such as, collision with the disc, Is generated. 
In view of this, techniques have been developed to improve a structure of the recording medium and infomiatlon 
reading method so as to increase the recording density. 

25 For example, in a magneto-optical reproducing method as disclosed in Japanese Patent Application Laid- 

open No. 3-93056, a medium structure as shown in Figs. 1Ato 1C has been proposed. Fig. 1Ais a sectional 
view of an optical disc as an example of the super-resolution technique. A substrate 20 is normally formed of 
a transparent material, such as, glass or polycarbonate. On the substrate 20. an interference layer 34, a re- 
production layer 31, an intermediate layer 32, a memory layer 33 and a protective layer 35 are laminated in 

30 the order named. The interference layer 34 is provided for enhancing the Kerr effect, and the protective layer 
35 is provided for protecting the magnetic layers. Arrows in the magnetic layers each represent a direction of 
magnetization or atomic magnetic moment in the magnetic film. Alight spot is irradiated onto the medium hav- 
ing the reproduction layer, the intermediate layer and the memory layer to form a temperature distribution on 
the medium. In the temperature distribution, a magnetic coupling between the reproduction layer and the mem- 

35 ory layer at a high-temperature region is cut off by the intermediate layer having a low Curie temperature, and 
magnetization of the reproduction layer at i.^e portk>n where the magnetic coupling was cut off, is aligned in 
one direction by an external magnetic field, so as to mask a portion of magnetic-domain infomnation of the 
memory layer within the light spot. In this manner, a signal having a period equal to or smaller than the dif- 
fraction limit of light can be reproduced so as to improve the line recording density. 

40 On the other hand, in super-resolution producing methods as disclosed in Japanese Patent Application 

Laid-open Nos. 3-93058 and 4-255946, a medium formed of a reproductton layer 31 , an intermediate layer 32 
and a memory layer 33 is used as shown in Figs. 2A to 2C. Prior to reproducing information, magnetization of 
the reproduction layer 31 is aligned in one direction by an initializing magnetic field 21 so as to mask magnetic- 
domain information of the memory layer 33. Thereafter, a light spot 2 is irradiated to form a temperature dls- 

45 tribution on the medium. In the temperature distribution, the initialized state of the reproduction layer 31 is held 
in a low-temperature region to form a front mask 4. On the other hand, in a high-temperature region where a 
temperature is equal to or higher than a Curie temperature Tc2 of the intermediate layer 32, magnetization of 
the reproduction layer 31 Is forcibly oriented in a direction of a reproducing magnetic field 22 so as to form a 
rear mask 5. Only in a medium-temperature region, the magnetic-domain information of the memory layer 33 

50 is transfenred so as to reduce an effective size of the reproducing light spot By this arrangement, a recorded 
mark 1 equal to or smaller than the diffraction limit of light can be reproduced so as to improve the line recording 
density. 

On the other hand, in Japanese Patent Application Laid-open No. 6-124500, a magneto-optical recording 
medium structure has been proposed, as shown in Figs. 3A to 3C, for providing a super-resolution technique 
55 to realize the recording density exceeding the optical resolution of the reproduced signal. 

Fig. 3A is a sectional view of an optical disc as an example of the super-resolution technique. Arrows in 
the magnetic films each represent a direction of iron family element sublattice magnetization in the film. 

The memory layer 42 is a film formed of a material, such as, TbFeCo, DyFeCo or the like, having a large 
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perpendicular magnetic anisotropy. Information is held in the memory layer 42 in the form of magnetic domains 
which are directed upward or downward relative to a film surface. The reproduction layer 41 is an in-plane mag- 
netization film at room temperature and becomes a perpendicular magnetization film when increased in tem- 
perature to Tl-mask. 

5 When information reproducing light is irradiated onto the disc having the foregoing medium structure from 

a side of the substrate 20. a temperature gradient at the center of the data track becomes as shown in Fig. 
3C. When seeing this from the side of the substrate 20, an isotherm of Tl-mask exists in the light spot as shown 
in Fig. 3B. As described above, since the reproduction layer 41 is an in-plane magnetization film at a temper- 
ature lower than Tl-mask, it does not contribute to the Kerr effect (fanning the front mask 4) at that portion so 

10 that the recorded magnetic domain held in the memory 42 is masked by the front mask 4. On the other hand, 
at a portion where a temperature is no less than Tl-mask. the reproduction layer 41 becomes a perpendicular 
magnetization film, and further, a direction of the magnetization becomes the same as the recorded infomnation 
due to the exchange-coupling force from the memory layer 42. As a result, the recorded magnetic domain of 
the memory layer 42 is transferred only to an aperture portion 3 which is smaller than a size of the spot 2 so 

15 that the super resolution is realized. 

In the foregoing known super-resolutton techniques, since the front mask 4 at the low-temperature region 
extends toward the adjacent tracks, those techniques aim to also improve the track density along with the line 
recording density. 

However, in the method disclosed in Japanese Patent Application Laid-open No. 3-93058, although the 

20 resolution can be enhanced without reducing signal equality, it is necessary to apply the reproducing magnetic 
field. Further, in the methods disclosed in Japanese Patent Application Laid-opens Nos. 3-93058 and 4- 
255946. it is necessary to align the magnetization of the reproduction layer 31 in one direction prior to repro- 
ducing information so that an Initializing magnet 21 for that purpose should be added to the conventional device. 
Further, in the super-resolution reproducing method disclosed in Japanese Patent Application Laid-open No. 

25 6-1 24500. since only the front mask 4 is used, when expanding the mask region for enhancing the resolution, 
a position of the aperture 3 deviates from the center of the spot to deteriorate signal equality. 

As described above, the conventional super-resolution reproducing methods include problems such that 
the resolution can not be increased to a sufficient level, the magneto-optical recording/reproduction apparatus 
is complicated in structure, highly-cost, difficult in size reduction and the like. 

30 The present invention has been made to at least alleviate the above-mentioned problems, and has as its 

object to provide a magnelo-oplical recording medium and a magneto-optical information reproducing method 
using the medium, which can reproduce a recorded mark equal to or smaller than the diffraction limit of light 
in high signal equality with a simple structure which does not require either an initializing magnetic field or a 
reproducing magnetic field upon reproduction. 

35 In order to achieve the above object, there is provided a magneto-optical recording medium comprising: 

a substrate; 

a first magnetic layer laminated on the substrate for reproducing information; 

a second magnetic layer laminated on the first magnetic layer for storing the information; and 

a third magnetic layer disposed between the first and second magnetic layers and having a Curie tem- 
40 perature lower than Curie temperatures of the first and second magnetic layers. 

wherein a direction of magnetization of a region of the first magnetic layer, the region being adjacent 
to a region of the third magnetic layer where a temperature is equal to or higher than the Curie temperature 
of the third magnetic layer, is oriented in a direction of magnetization around the region of the f irst magnetic 
layer. 

45 In order to achieve the above object, there is also provided an Information reproducing method for repro- 

ducing information stored in a magneto-optical recording medium including: 
a substrate; 

a first magnetic layer laminated on the substrate for reproducing the information; 
a second magnetic layer laminated on the first magnetic layer for storing the information; and 
50 a third magnetic layer disposed between the first and second magnetic layers and having a Curie tem- 

perature lower than Curie temperatures of the first and second magnetic layers, 

wherein a direction of magnetization of a region of the first magnetic layer, the region being adjacent 
to a region of the third magnetic layer where a temperature is equal to or higher than the Curie temperature 
of the third magnetic layer. Is oriented in a direction of magnetization around the region of the first magnetic 
55 layer, 

the information reproducing method comprising the steps of: 
irradiating a light spot; 

increasing, in temperature, the third magnetic layer to near its Curie temperature in a high-temperature 
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region within the light spot so as to orient the direction of magnetization, in the high-temperature region, of the 
first magnetic layer in the direction of magnetization of the first magnetic layer around the high-temperature 

region; 

transferring the information stored in the second magnetic layer to the first magnetic layer at least at a 
5 medium-temperature region within said light spot; and 

reproducing the information by detecting a magneto-optical effect of reflected light of said light spot 
A number of embodiments of the invention will now be described, by way of example only, with reference 
to the accompanying drawings in which: 

Figs. 1Ato 1C, 2Ato2C and 3Ato 3C are diagrams showing conventional super-resolution methods, re- 
10 spectively; 

Fig. 4 is a diagram showing a basic layer structure of magnetic layers of a magneto-optical recording me- 
dium according to a first embodiment of the present invention; 

Figs. 5A to 5C are diagrams showing one manner of an information reproducing method for the magneto- 
optical recording medium according to the first embodiment of the present invention, wherein Fig. 5A is a 
15 diagram showing an mask region and an aperture region within a light spot on an upper surface of the 
medium. Fig. 5B is a diagram showing a magnetization direction state of each layer, and Fig. 5C is a dia- 
gram showing a temperature distribution in a track direction; 

Figs. 6A to 6C are diagrams showing another manner of the information reproducing method for the mag- 
neto-optical recording medium according to the first embodiment of the present invention, wherein Fig. 
20 6A is a diagram showing an mask region and an aperture region within a light spot on an upper surface 

of the medium. Fig. 6B is a diagram showing a magnetization direction state of each layer, and Fig. 6C Is 
a diagram showing a temperature distribution in a track direction; 

Figs. 7A to 7C are diagrams for explaining a principle in which a high-temperature region in a light spot is 
masked in the magneto-optical recording medium according to the fo-st embodiment of the present inven- 

25 tion; 

Fig. 8 is a diagram showing static magnetic fields Hieak, Hst and an effective magnetic field Hwb due to 
a Bloch magnetic wall energy, which are applied to a recorded magnetic domain transferred to a repro- 
duction layer; 

Fig. 9A is a diagram showing stable magnetization states for a layer structure of an anti-parallel type, 
30 wherein an exchange-coupling force and a magnetostatic coupling force are dominant, respectively; 

Fig. 98 is a diagram showing stable magnetization states for a layer structure of a parallel type, wherein 
an exchange-coupling force and a magnetostatic coupling force are dominant, respectively; 
Figs. 10Ato 10C are diagrams, respectively, showing temperature dependencies of saturation magneti- 
zations with respect to GdFeCo having different compensation temperatures; 
35 Fig. 11 is a diagram showing a composition dependency of a compensation temperature and a Curie tem- 

perature of GdFeCo; 

Fig. 12 is a diagram showing an exampleof a temperature characteristic of a diamagnetic field energy 2Ms2 
and a perpendicular magnetic anisotropy constant Ku of the reproduction layer of the magneto-opticai re- 
cording medium according to the first embodiment of the present invention; 
40 Figs. 13A to 13C are diagrams showing examples of temperature characteristics of Ms of the respective 

magnetic layers of the magneto-optical recording medium according to the first embodiment of the present 
invention; 

Fig. 14 is a diagram showing an example of a layer structure of the magneto-optical recording medium of 
the embodiment of the present invention; 
45 Figs. 15Aand 158 are diagrams showing an interface magnetic wall; 

Fig. 16 is a diagram showing a temperature dependency of a saturation magnetization of a GdFeCo re- 
production layer 

Fig. 1 7 is a diagram showing a temperature dependency of a saturation magnetization of a TbFeCo mem- 
ory layer; 

50 Fig. 18 is a diagram showing a reproduction-layer-composition-x dependency of a saturation magnetiza- 

tion of the reproduction layer at a Curie temperature of an intermediate layer; 

Fig. 19 is a diagram showing a reproduction-layer-composition-x dependency of C/N and energy (Ewb- 
Eleak-Est-Ecl) in Experimental Examples 7 to 10; 

Fig. 20 is a diagram showing a reproduction-layer-composition-x dependency of C/N and energy (Ewb- 
55 Eleak-Est-Ecl) in Experimental Examples 11 to 14; 

Fig. 21 is a diagram showing a reproducing power dependency of carrier, noise, amplitude and DC level; 
Fig. 22 is a diagram showing a reproducing magnetic field dependency of C/N; 
Fig. 23 is a diagram showing a reproducing power dependency of crosstalk; 
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Fig. 24 Is a diagram showing a basic layer structure of a magneto-optical recording medium according to 
a second embodiment of the present invention; 

Fig. 25A is a diagram showing a mask effect due to a film thickness of the reproduction layer; 

Fig. 25B Is a diagram showing an aperture effect due to a film thickness of the reproduction layer 
5 Fig. 26A is a diagram showing a mask effect due to a film thickness of the intermediate layer; 

Fig. 26B is a diagram showing an aperture effect due to a film thickness of the intermediate layer. 

Fig. 27 is a diagram showing a reproduction layer film-thickness dependency of C/N; 

Fig. 28 is a diagram showing a reproduction layer film-thickness dependency of crosstalk; 

Fig. 29 is a diagram showing a intermediate layer film-thickness dependency of C/N; 
10 Fig. 30 is a diagram showing a intermediate layer film-thickness dependency of crosstalk; 

Fig. 31 is a diagram showing a basic structure of a magneto-optical recording medium according to a third 

embodiment of the present invention; 

Fig. 32 IS a diagram showing a reproducing power dependency of carrier and noise; 

Fig. 33 is a diagram showing a mark length dependency of C/N; 
15 Fig. 34 is a diagram showing a reproducing power dependency of crosstalk; 

Fig. 35 is a diagram showing a reproduction-layer-Gd-content dependency of C/N; 

Fig. 36 is a diagram showing a reproduction-layer-Gd-content dependency of crosstalk; 

Fig. 37 is a diagram showing an intenmediate-layer-Gd-content dependency of C/N; 

Fig. 38 is a diagram showing an intenmediate-layer-Gd-content dependency of crosstalk; 
20 Fig. 39 is a diagram showing a memory-layer-Tb-content dependency of C/N; 

Fig. 40 Is a diagram showing another structure of the magneto-optical recording medium of the third em- 
bodiment; 

Fig. 41 is a diagram showing a recording power dependency of carrier and noise when a magnetic field 
modulation recording is performed relative to the medium of the third embodiment; 
25 Fig. 42 is a diagram showing a basic structure of a magneto-optical recording medium according to a fourth 

embodiment of the present invention; 

Fig. 43 is a diagram showing a reproducing power dependency of carrier and noise; 
Fig. 44 is a diagram showing a reproducing power dependency of carrier, noise, amplitude and DC level; 
Fig. 45 is a diagram showing a reproducing magnetic field dependency of C/N; 
30 Fig. 46 Is a diagram showing a mark length dependency of C/N; 

Fig. 47 is a diagram showing a reproducing power dependency of crosstalk; 

Fig. 48 is a diagram showing a relationship between C/N and a saturation magnetization of the reproduc- 
tion layer; 

Fig. 49 is a diagram showing a relationship between crosstalk and a saturation magnetization of the re- 
35 production layer 

Fig. 50 is a diagram showing a relationship between C/N and a saturation magnetization of the intermediate 

layer; 

Fig. 51 is a diagram showing a relationship between crosstalk and a saturation magnetization of the in- 
termediate layer; 

40 Fig. 52 is a diagram showing a relationship between a saturation nnagnetization and a compensation tem- 

perature of the reproduction layer; 

Fig. 53 is a diagram showing a relationship between a saturation magnetization and a Curie temperature 
of the intermediate layer; 

Fig. 54 is a diagram showing a relationship between a difference between a compensation temperature 
45 of the reproduction layer and a Curie temperature of the intermediate layer, and C/N; 

Fig. 55 is a diagram showing a relationship between C/N and a saturation magnetization of the memory 
layer 

Fig. 56 is a diagram showing another structure of the magneto-optical recording medium of the fourth em- 
bodiment; 

50 Fig. 57 is a diagram showing a recording power dependency of carrier and noise when a magnetic field 
modulation recording is performed relative to the medium of the fourth embodiment; 
Fig. 58 is a diagram showing a basic layer structure of magnetic layers of a magneto-optical recording 
medium according to a fifth embodiment of the present invention; 

Figs. 59A to 59C are diagrams showing one manner of an information reproducing method for the magneto- 
55 optical recording medium according to the fifth embodiment of the present invention, wherein Fig. 59A is 

a diagram showing an mask region and an aperture region within a light spot on an upper surface of the 
medium, Fig. 59B is a diagram showing a magnetization direction state of each layer, and Fig. 59C is a 
diagram showing a temperature distribution in a track direction; 

5 



BNSDOCID: <EP ....0686970A2 > > 



EP0 686 970 A2 



Figs. 60Ato 60C are diagrams showing another manner of an information reproducing method for the mag- 
neto-optical recording medium according to the fifth embodiment of the present invention, wherein Fig. 
60A is a diagram showing an mask region and an aperture region within a light spot on an upper surface 
of the medium, Fig. 60B is a diagram showing a magnetization direction state of each layer, and Fig. 60C 
5 is a diagram showing a temperature distribution in a track direction; 

Fig. 61 Is a diagram showing one example of a layer structure of the magneto-optical recording medium 
according to the fifth embodiment of the present inventton; 

Fig. 62 is a diagram showing another example of a layer structure of the magneto-optical recording medium 
according to the fifth embodiment of the present invention; 
10 Figs. 63A and 63B are diagrams showing a basic layer structure of magnetic layers of a magneto-optical 

recording medium according to a sixth embodiment of the present invention; 

Figs. 64Ato 64C are diagrams showing one manner of an information reproducing method forthe magneto- 
optical recording medium according to the sixth embodiment of the present inventton, wherein Fig. 64A is 
a diagram showing an mask region and an aperture region within a light spot on an upper surface of the 
15 medium, Fig. 64B is a diagram showing a magnetization direction state of each layer, and Fig. 64C is a 
diagram showing a temperature distribution in a track direction; 

Figs. 65A to 65C are diagrams for explaining a principle in which a high-temperature regk>n in a light spot 
is masked in the magneto-optical recording medium according to the sixth embodiment of the present in- 
vention; 

20 Fig. 66 is a diagram showing static magnetic fields Hieak, Hst and an effective magnetic field Hwb due to 

a Bloch magnetic wall energy, which are applied to a recorded magnetic domain transferred to a repro- 
duction layer; and 

Fig. 67 is a diagram showing an example of a layer structure of the magneto-optical recording medium 
according to the sixth embodiment of the present Invention. 

25 

(First Embodiment) 

A magneto-optical recording medium according to a first embodiment of the present Invention and an In- 
formation reproducing method using the medium will be described in detail hereinbelow with reference to the 

30 accompanying drawings. 

The magneto-optical recording medium of the present invention has, on a translucent substrate, at least 
three magnetic layers, that Is, a first magnetic layer, a third magnetic layer having a Curie temperature lower 
than those of the first magnetic layer and a second magnetic layer, and the second magnetic layer being a 
perpendicular magnetization film, in the order named from a side of the substrate (Fig. 4). Hereinbelow, the 

35 first magnetic layer will be referred to as a reproduction layer, the second magnetic layer as a memory layer 
and the third magnetic layer as an intermediate layer. 

The reproduction layer is a layer for reproducing magnetization Information held in the memory layer. The 
reproduction layer is located closer to a light incident side as compared with the Intermediate layer and the 
memory layer, and its Curie temperature is set to be higher than those of the intermediate layer and the memory 

40 layer for preventing deterioration of a Kenr rotation angle upon reproduction. Further, it is necessary that a co- 
ercive force of the reproduction layer is smaller than that of the memory layer. Preferably, the reproduction 
layer has a small magnetic anisotropy, and a compensatbn temperature between room temperature and the 
Curie temperature. Further, a magnetization manner of the reproduction layer Is such that the reproduction 
layer is a perpendicular magnetization film at room temperature and between room temperature and the Curie 

45 temperature, or the reproduction layer is an in-plane magnetization film at room temperature and becomes a 
perpendicular magnetization film between room temperature and the Curie temperature. As a specific material 
of the reproduction layer, a material, for example, a rare earth-iron family amorphous alloy, such as, GdFeCo, 
GdTbFeCo. GdDyFeCo, NdGdFeCo or the like, mainly containing GdFeCo. is preferable since It has a high 
Curie temperature and a low coercive force and easily causes contraction of recorded magnetic domains in a 

50 high-temperature region, which is the prime aim of the present medium. 

The intermediate layer is provided mainly for partly mediating and partly reducing or cutting off an ex- 
change-coupling force from the memory layer to the reproduction layer. Accordingly, the intermediate layer is 
located between the reproduction layer and the memory layer and has a Curie temperature which is set to be 
higher than room temperature and lower than those of the reproduction layer and the memory layer. The Curie 

55 temperature of the intermediate layer is set to be high enough to mediate the exchange-coupling force from 
the memory layer to the reproduction layer at a low-temperature portion and a medium-temperature portion 
within a light spot, but low enough to cut off the exchange-coupling force at a highest-temperature portion within 
the light spot, and thus preferably, 80^C or higher and 220''C or lower, and more preferably, 110^C or higher 

6 
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and 180**C or lower. When the reproduction layer has the compensation temperature between room temper- 
ature and the Curie temperature, the Curie temperature of the Intermediate layer is set to a temperature within 
a range of, preferably, -100°C to +50°C relative to the compensation temperature, and more preferably, -80^C 
to +20**C relative to the compensation temperature. As a material of the intermediate layer, for example, a rare 

5 earth-iron family amorphous alloy, such as, TbFe. TbFeCo. GdFe, GdFeCo, GdTbFeCo. GdDyFeCo, DyFe, 
DyFeCo. TbDyFeCo or the like Is preferable. A non-magnetic element, such as. Or, Al, SI, Cu or the like may 
be added for lowering the Curie temperature. Further, when masking a low-temperature region by causing the 
reproduction layer to be an In-plane magnetization film at a low temperature, it is preferable that an in-plane 
magnetic anisotropy of the intermed iate layer at room temperature is greater than that of the reproduction layer 

10 at room temperature, for example, a saturation magnetization Ms of the intermediate layer at room temperature 
is greater than that of the reproduction layer at room temperature, for strengthening the in-plane magnetic ani- 
sotropy of the reproduction layer at the low temperature. 

The memory layer is a layer for storing recorded information and thus is required to stably hold the magnetic 
domains. As a material of the memory layer, a material which has a large perpendicular magnetic anisotropy 

15 and can stably hold a magnetization state, for example, a rare earth-iron family amorphous alloy, such as. 
TbFeCo. DyFeCo, TbDyFeCo or the like, garnet, a platinum family-iron family periodic structure film, such as, 
Pl/Co, Pd/Co or the like, or a platinum family-iron family alloy, such as, PtCo, PdCo or the like is preferable. 
An element, such as, Al. Ti, Pt, Nb, Cr or the like may be added to the reproduction layer, the intended iate 
layer and the memory layer for improving their corrosion resistances. For enhancing the interference effect 

20 and the protective performance, a dielectric layer formed of SiN^, AlOx. TaOx, SlOx or the like may be provided 
in addition to the foregoing reproduction, Intermediate and memory layers. Further, for Improving thermal con- 
ductivity, a layer formed of Al, AlTa, AITi, TICr, Cu or the like and having good thermal conductivity may be 
provided. Further, an initialization layer in which magnetization is aligned in one direction for performing the 
optical nrradulation overwrite may be provided. Further, auxiliary layers for recording assistance and reproduce 

25 Ing assistance may be provided to adjust the exchange-coupling force or the magnetostatic coupling force. 
Moreover, a protective coat formed of the foregoing dielectric layer or a polymer resin may be added as a pro- 
tective film. 

Now, the recording/reproduction process of the present invention will be described hereinbelow. 
First, magnetic domains are formed, according to a data signal, in the memory layer of the magneto-optical 
30 recording medium of the present invention. In a first recording method, recording is performed, after once eras- 
ing old information, by modulating a laser power under a magnetic field being applied In a recording direction. 
In a second recording method, new information is overwrite-recorded on old information by modulating a laser 
power under an external magnetic field being applied. In these optical modulation recording methods, by de- 
termining an intensity of the laser beam in consideration of a linear velocity of the recording medium so as to 
35 allow only a given region within the light spot to reach near the Curie temperature of the memory layer, a re- 
corded magnetic domain equal to or smaller than a diameter of the light spot can be fomned. As a result, a signal 
having a period equal to or smaller than the diffraction limit of light can be recorded. On the other hand, In a 
third recording method, overwrite-recording is performed by modulating an external magnetic field under ir- 
radiation of the laser beam having a power to cause a temperature of the memory layer to be equal to or higher 
40 than Its Curie temperature. In this case, the magnetic domain equal to or smaller than the diameter of the light 
spot can be formed by setting a modulation rate to be large depending on the linear velocity. As a result, a 
signal having a period equal to or smaller than the diffraction limit of light can be recorded. 

As clear from later-described mechanism, in order for the super resolution of the present invention to func- 
tion stably, it is necessary that magnetization around a recorded mark Is oriented In a direction opposite to 
45 that of the mark. 

In the first recording method which is the most popular, the laser power is held constant at a high power 
under a constant magnetic field being applied so as to initialize (erasing operation) magnetization of a track 
to be subjected to recording, and thereafter, in the state where a direction of the magnetic field is inverted, the 
laser power is modulated in intensity so as to form a desired recorded mark. At this time, when there is a portion 

50 anjund the recorded mark where directions of the magnetization are random, noise is caused upon reproduc- 
tion. For this reason, it is generally perfonned to erase a region wider than the recorded mark for enhancing 
a quality of a reproduced signal. Accordingly, since the magnetization around the recorded magnetic domains 
aligns without fail in a direction opposite to that of the magnetic domains, the super resolution of the present 
invention operates stably in this recording method, 

55 In the second recording method, a medium having a structure as described in Japanese Patent Application 

Laid-open No. 62-175948 (this medium has a write layer in which magnetization is aligned in one direction prior 
to recording, in addition to the memory layer for holding the recorded information) is used. Accordingly, the 
erasing operation in advance of recording is not required. On the other hand, when recording is effected to 
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this medium, a laser intensity is modulated between Ph and P1 (Ph>P1) depending on infomiation to be re- 
corded, under a constant magnetic field being applied in a direction opposite to that of the write layer. When 
the medium is increased to a temperature Th corresponding to Ph, since Th is set to be substantially equal to 
Tc of the write layer, magnetization of the memory layer and the write layer is oriented in the direction of the 

5 external magnetic field so as to form the magnetic domain. On the other hand, when the medium is increased 
only to a temperature T1 corresponding to P1 , a direction of magnetization becomes the same as that of the 
write layer. This process occurs regardless of the magnetic domain recorded in advance. It is assumed that a 
laser beam of Ph is irradiated onto the medium. In this case, although a portion forming the recorded magnetic 
domain is increased to Th, a temperature distribution at this time extends two-dimensionally so that, even if 

10 the laser intensity is increased to Ph, there always occurs a portion around the magnetic domain where a ten^ 
perature increases only to T1. Accordingly, the portion having the opposite magnetization direction exists 
around the recorded magnetic domain so that the super resolution of the present invention also operates stably 
in this recording method. 

Further, as another recording method, a magnetic field modulation recording can be cited, wherein the di- 

15 rection of the foregoing external magnetic field is changed alternately. In this recording method, the magnetic 
field modulation Is performed under irradiation of the DC laser beam at a high power. In order to record new 
information without history of the magnetic domain recorded before, a width forming the magnetic domain 
should be always constant. Accordingly, In this case, some measure should be taken, or otherwise, there oc- 
curs a region around the recorded magnetic domain where directions of the magnetization are random so that 

20 the super resolution of the present invention does not operate stably. Accordingly, when performing the mag- 
netic field modulation recording, it is necessary that the initialization is executed with a power greater than the 
normal recording power or the initialization of magnetization is performed extensively relative to both land and 
groove, prior to shipping the medium or the first recording. 

Now, the reproducing method of the present invention will be described hereinbelow, 

25 In the present invention, the magnetic super resolution is realized by apparently and optically masking a 

partial region within the tight spot without applying the external magnetic field. First, the magneto-optical re- 
cording medium and the magneto-optical reproducing method will be described with reference to the drawings, 
wherein a high-temperature region is formed with a rear mask and the other region is caused to be an aperture 
region, that is, the magnetization manner of the reproduction layer is such that the reproduction layer is a per- 

30 pendicular magnetization film at room temperature and between room temperature and the Curie temperature. 
Figs. 7A, 7B and 7C are diagrams showing a process, wherein the recorded magnetic domain of the reproduc- 
tion layer transfenred from the memory layer (hereinbelow simply referred to as "recorded magnetic domain") 
is contracted in the high-temperature region while the light spot moves. For brevity, in Figs. 7A to 7C, the con- 
tracting process of only one recorded magnetic domain is shown. Further, in these figures, a rare earth-iron 

35 family ferrimagnetic substance is used as a magnetic material, blank arrows 30 represent the whole magne- 
tizatbn, black arrows 31 represent the iron family sublattice ...agnetization, the reproduction layer 11 is an RE 
rich magnetic layer and the memory layer 13 is a TM rich magnetic layer. On the other hand, in Figs. 5Ato 50, 
the whole image upon reproduction is shown along with the temperature distribution. The temperature distrib- 
ution of the medium is shifted from the center of the light spot In a direction opposite to a moving direction of 

40 the light spot due to the limit of thermal conductivity. As shown in Fig. 7A, shortly after the light spot 2 has 
reached the recorded magnetic domain 1, the recorded magnetic domain 1 does not reach the high- 
temperature region 5. in addition to an effective magnetic field Hwi due to the exchange-coupling force from 
the memory layer 13, an effective magnetic field Hwb due to the Bloch magnetic wall energy and a static mag- 
netic field Hd from the interior of the medium are applied to the recorded magnetic domain 1. Hwi works to 

45 stably hold the recorded magnetic domain 1 of the reproduction layer, while Hwb and Hd apply forces in direc- 
tions to expand and contract the recorded magnetic domain. Accordingly, in order for the reproduction layer 
11 to be stably transferred with the magnetization of the memory layer 13, a condition expressed by relation 
(1) should be satisfied before the recorded magnetic domain 1 reaches the high-temperature region 5. 

iHwb-Hdt <Hc1 + Hwi(T<Th - mask) (1) 

so A coercive force Hc1 of the reproduction layer 11 is apparently increased due to the exchange-coupling 

force from the memory layer 13. Accordingly, relation (1) can be easily established to stably transfer the mag- 
netization information of the memory layer 13 so that the recorded information can be reproduced accurately. 

If an interface magnetic wall energy between the reproduction layer 11 and the memory layer 13 is owl, 
a saturation magnetization of the recorded magnetic domain 1 of the reproduction layer 11 is Ms1 and a film 

55 thickness of the reproduction layer is h1, Hwi is expressed by relation (2). 

Hwi = owi/2Ms1h1 (2) 
When the light spot further moves so that the recorded magnetic domain 1 enters the high-temperature 
region 5, Hwi reaches around the Curie temperature of the intermediate layer 12 so that owi is rapidly de- 
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creased to diminish Hwi. Accordingly, the reproduction layer 11 returns to the state where the coercive force 
Is small, to satisfy relation (3) so that a Bloch magnetic wall 8 of the recorded magnetic domain 1 easily moves. 

I Hwb - Hd I < Hcl + Hwi (T > Th - mask) (3) 
If a Bloch magnetic wall energy Is awb and a radius of the recorded magnetic domain 1 of the reproduction 
5 layer 1 1 is r, Hwb Is expressed by relation (4) and works in a direction to contract the recorded magnetic domain 
1 (Fig. 8). 

Hwb = owb/2Ms1r (4) 
Accordingly, when Hwb-Hd becomes dominant in positive (sign is +) to satisfy relation (5), the recorded 
magnetic domain 1 is contracted. 
10 I Hwb-Hd I <Hc1 + Hwi(T>Th - mask) (5) 

In this manner, as shown in Fig. 7B, the recorded magnetic domain 1 is contracted and Inverted when en- 
tering the high-temperature region 5. and as shown In Fig. 7C, the magnetizatk)n is all oriented in an erasing 
direction. 

Specifically, as shown In Figs, 5A to 5C, since the reproduction layer 11 always becomes a perpendicular 
15 magnetization film orienting in the erasing direction at the high-temperature region 6 within the light spot 2, 
thus serving as an optical mask (rear mask 5). Accordingly, as shown in Fig. 5A, the light spot 2 Is apparently 
narrowed to a region excluding the high-temperature region 5 and serving as the aperture region 3 so that the 
recorded magnetic domain (recorded mark) having a period equal to or smaller than the detection limit can be 
detected. 

20 On the other hand, in the conventional super-resolution method, as described in Japanese Patent Appli- 
cation Laid-open No. 4-255947. a mask is fonmed using an external magnetic field Hr and based on relation 
(6). 

Hr>Hc1 + Hwi (6) 

In the present invention, since the mask Is formed by changing a magnitude of the effective magnetic field 
25 Hwb-Hd inside the medium instead of using the external magnetic field Hr, the external magnetic field is not 
necessary. 

Now, the method for making Hwb-Hd dominant in positive at a high temperature will be described in further 
detail. 

Hd in relation (5) is formed by a leakage magnetic field HIeak from the ambient erasing magnetization, a 
30 static magnetic field Hst from the magnetization of the memory layer 13 and the like, and is expressed by re- 
lation (7). 

Hd HIeak ± Hst (7) 

In relation (7), HIeak works in a direction to expand the recorded magnetic domain 1 as shown In Fig. 8. 
A first method to make Hwb-Hd dominant in positive in the high-temperature region is a method which dimin- 

35 Ishes HIeak, that is, reduces a magnetic field preventing inversion of the recorded magnetic domain 1 . If a sat- 
uration magnetization of the reproduction layer 1 1 around the recorded magnetic domain to be made disappear 
is Msl" and a radius of the recorded magnetic domain 1 is r, HIeak is roughly expressed by relation (8). 

HIeak = 4nMs1"h1 (hi + 3/2r) (8) 
In relation (8), the radius r of the recorded magnetic domain and the film thickness hi of the reproduction 

40 layer can not be easily changed. Accordingly, it is necessary to diminish Msl". This is achieved by selecting 
a material for the reproduction layer, which has a compensation temperature between room temperature and 
the Curie temperature. Since the magnetization is reduced at the compensation temperature, HIeak can be 
diminished. An example will be described, wherein GdFeCo is used for the reproduction layer 11. Figs. IDA to 
1 0C respectively show temperature dependencies of Ms of GdFeCo having different compensation tempera- 

45 tures. Although the maximum temperature on the medium upon reproduction differs depending on the repro- 
ducing power, the maximum temperature shown in the figures reaches approximately 160^0 - 220°C in gen- 
eral, and the medium-temperature region is a region where the temperature is lower than the maximum tem- 
perature by about 20°C - 60°C. Accordingly, in case of Figs. 108 and IOC, Ms1" is large so that HIeak also 
becomes large. If a composition in which the compensation temperature exists between room temperature 

so and the Curie temperature, is used for the reproduction layer 11, Ms in the medium-temperature and high- 
temperature regions is reduced to diminish Hd. When GdFeCo is used for the reproduction layer 11. since the 
compensation temperature largely depends on a composition of, particularly, a rare earth element (Gd) as 
shown in Fig. 11 , it is preferable to set a Gd content to be 25 to 35 at % in case a magnetic layer mainly containing 
GdFeCo is used as the reproduction layer 11. 

55 A second method is a method which makes Hst dominant in negative, that is. facilitates inversion of the 

recorded magnetic domain 1 by the static magnetic field Hst from the memory layer 13. In relation (7). when 
entering the high-temperature region from the exchange-coupling region. Hst is determined whether to work 
in a direction to contract the recorded magnetic domain 1 or work to hold the recorded magnetic domain 1 . 
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depending on whether the reproduction layer 11 and the memory layer 13 are of a parallel type or an anti- 
parallel type. The reason is as follows: 

As shown In Figs. 9A and 9B, the exchange-coupling force aligns in a direction of TM sublattice magneti- 
zation where the exchange force is great, and the magnetostatic coupling force aligns in a direction of the whole 

5 magnetization. Fig. 9A shows the anti-parallel type, wherein the reproduction layer 11 is RE rich and the mem- 
ory layer 13 is TM rich. In this case, when the intermediate layer 12 reaches around the Curie temperature to 
cut off the exchange coupling, the recorded magnetic domain 1 is caused to be inverted in magnetization due 
to the magnetostatic coupling force with the memory layer 1 3 (Hst becomes negative). To the contrary, in case 
of the parallel type as shown in Fig. 9B (in the figure, both the reproduction and memory layers are shown to 

10 be TM rich), the magnetostatic coupling force works in a direction to hold the exchange-coupling state (Hst 
becomes positive). Accordingly, for inverting the recorded magnetic domain 1, the composition of the anti- 
parallel type is desired. 

Specifically, for example, both the reproduction layer 11 and the memory layer 13 may be set to be ferri- 
magnetic, and kinds of the dominant sublattice magnetization In the reproduction layer 11 and the memory 

15 layer 13 may be set to be opposite to each other. For example, the reproduction layer 11 and the memory layer 
13 are formed of rare earth (RE) iron family (TM) element alloys, and the reproduction layer 11 is arranged to 
be rare earth element sublattice magnetization dominant (RE rich), while the memory layer 13 is arranged to 
be iron family element sublattice magnetization dominant (TM rich) at room temperature. It is necessary that 
this anti-parallel composition is achieved at least at the temperature where the recorded magnetic domain 1 

20 is contracted (in the foregoing medium-temperature region to high-temperature region 5). 

A value of Hst can be roughly calculated using, on the assumption that the magnetic domain Is cylindrical, 
a radius of the recorded magnetic domain 1 , a distance from the magnetic domain of the memory layer 1 3 and 
a saturation magnetization Ms2 of the memory layer (see pages 40 and 41 , Nagoya University doctoral thesis 
"Research about Rare Earth-Iron Family Amorphous Alloy Thin Film and Magnetism and Magneto-Optical Ef- 

25 feet of Composite Film thereof* 1 985. 3 by Tadashi Kobayashi). Hst is proportional to the saturation magneti- 
zation Ms2 of the memory layer (relation 9). 

Hst OL Ms2 (9) 

Accordingly, it Is preferable that Ms2 Is set to be such a large value that does not deteriorate stability of 
the recorded information or cause inversk)n of the erasing magnetization. 

30 Further, the static magnetic field Hst from the memory layer 13 also works on the magnetization in the 

erasing direction. However, if the magnetization in the erasing direction is inverted by Hst, a magnetic wall is 
formed over an extensive range of the high>temperature region 5 so that the magnetic wall energy is largely 
increased. Accordingly, the magnetization inversion does not occur, and the magnetization In the erasing di- 
rection is held. Thus, in the high-temperature region 5, a region is generated In which magnetization is always 

35 oriented in the erasing direction. This region becomes the rear mask 5. If a radius of the inverted magnetic 
domain is R, an effective magnetic field Hwb* of the Btoch magn^l^c wall energy in case of the erasing mag- 
netization being inverted is expressed by relation (10). 

Hwb' = Gwb/2Ms1R (10) 
Thus, a condition that the erasing magnetization is not inverted by Hst is expressed by relation (11). 

40 ' Hwb' > Hst (11) 

Only one of the foregoing two methods, that Is. the method of reducing HIeak and the method of increasing 
Hst at a negative side, may be used. On the other hand, if the two methods are used in combination, the super- 
resolution effect is realized to the greatest extent. As described atiove, by using the magneto-optical recording 
medium of the present invention, the magnetization can be oriented In a uniform direction in the high- 

45 temperature region 5 of the light spot upon reproduction without applying the external magnetic field so as to 
optically mask the magnetization of the memory layer 13. 

Further, in the medium where the reproduction layer is a perpendicular magnetization film at room tem- 
perature and between room temperature and the Curie temperature, since the aperture region 3 extends over 
substantially all the region other than the high-temperature region 5, it is necessary that the reproduction layer 

50 11 becomes a perpendicular magnetization film to a sufficient extent even in the low-temperature region so 
as to stably transfer the magnetization of the memory layer 13. Accordingly, a material in which the magneti- 
zation is oriented in a perpendicular direction to a further extent as compared with the reproduction layer 11 
(a material having a coercive force greater than the reproduction layer 11), for example, TbFe, DyFe, TbFeCo 
and DyFeCo, may be preferably used for the intermediate layer 12. By using such a material, the interface mag- 

5f letic wall energy crwi is increased so that the reproduction layer 11 can transfer the magnetization information 
of the memory layer 13 stably due to the exchange-coupling force. Further, in case the reproduction layer 11 
has a small perpendicular magnetic anisotropy, for example, even in case the reproduction layer, when alone, 
becomes an in-plane magnetizatk>n film, by using the intemiediate layer in which the magnetizatton is oriented 
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in the perpendicular direction to a further extent to be laminated on the reproduction layer 1 1 , the perpendicular 
magnetic anisotropy of the reproduction layer 11 is sufficiently increased to allow the aperture region to trans- 
fer the magnetization information of the memory layer 1 3 accurately. 

The formation of the mask has been described above using the expressions of relation of the magnetic 

5 field. On the other hand, the formation of the mask can also be described using expressions of relation of the 
energy. When, particularly, Ms is dose to 0. the magnetic field, even largely applied to, does not effectively 
act on the recorded magnetic domain. Accordingly, it is more preferable to describe it in terms of the energy 
since the formation of the mask can be judged more precisely. For describing in terms of the energy relation, 
the foregoing definition and relation expressions of the magnetic field may be multiplied by 2Ms1 , respectively. 

10 Accordingly, relations (1). (2). (3), (4). (5), (7) and (8) are expressed by relations (12), (13). (14). (15), (16). 
(1 7) and (1 8). In the relations. Ewb represents a Bloch magnetic wall energy. Ed a static magnetic field energy 
from the interior of the medium applied to the Bloch magnetic wall of the recorded magnetic domain, Ewi an 
exchange-coupling energy with the second magnetic layer, and Ed a coercive force energy of the first mag- 
netic layer. 

IS I Ewb - Ed I < Ed + Ewi (T < Th - mask) (12) 

Ewi = owi/h1 (13) 
I Ewb- Ed 1 >Ec1 + Ewi(T>Th - mask) (14) 

Ewb = cFWb/r (15) 
I Ewb - Ed I > Ed + Ewi (T > Th - mask) (16) 
20 Ed = Eleak + Est (17) 

Eleak = STcMsl^hl (h1 + 3/2r) (18) 
Further, the method has been described before, wherein the magnetization information of the memory lay- 
er 13 is optically masked only in the high-temperature region 5 within the light spot 2. Now. a method in which 
the low-temperature region is also masked in addition to the high-temperature region 5 so as to detect the mag- 
25 netization information only in the medium-temperature region, that is, a magneto-optical recording medium and 
an information reproducing method in which the magnetization manner of the reproduction layer is such that 
the reproduction layer Is an in-plane magnetization film at room temperature and transits to a perpendicular 
magnetization film between room temperature and the Curie temperature, will be described hereinbelow. Figs. 
6A, 6B and 6C show a structure of the mask and the aperture region, the magnetization state and the tem- 
30 perature distribution for the medium having the present manner, respectively. In this case, a magnetic film 
which is an In-plane magnetization film at room temperature and becomes a perpendicular magnetlzatton film 
at a high temperature, is used for the reproduction layer 11. An example of such a magnetic film will be ex- 
plained hereinbelow. In general, in case of a single-layer magnetic film, if a saturation magnetization Is Ms 
and a perpendicular magnetic anisotropy energy is Ku, a main direction of its magnetization is known to be 
35 determined by an effective perpendicular magnetic anisotropy constant K defined by relation (19). 

K = Ku - 2nMs2 (19) 
wherein, 2jcMs2 represents a diamagnetic field energy. 
When K Is positive, the magnetic film becomes a perpendicular magnetization film. On the other hand, 
when K Is negative, the magnetic film becomes an In-plane magnetization film. Accordingly, as shown in Fig. 
40 12, the magneticf ilm which changes relation in magnitude between Ku and 2nMs2 depending on a temperature 
Is effective for transition from an in-plane magnetization film to a perpendicular magnetization fllnrt In such a 
reproduction layer 11 , relation (20) Is established in the low-temperature region where a temperature is equal 
to or lower than a temperature Tl-mask at which the region (the aperture region 3 in Fig. 6A) reproducing the 
magnetization information of the memory 1 3 is reached. Accordingly, the low-temperature region becomes an 
45 in-plane magnetization film (front mask 4) to mask the magnetization information of the memory layer 1 3. 

Ku < 2icMs2. K < 0 (T < Tl - mask) (20) 
On the other hand, when a temperature T of the medium is Increased. Ms is decreased to rapidly diminish 
2nMs2. Accordingly, the relation in magnitude between 2iiMs2 and Ku is reversed to satisfy relation (21). 

Ku > 27iMs2. K > 0 (Tl - mask < T) (21 ) 
50 Accordingly, an in-plane magnetization film transits to a perpendicular magnetization film to form the aper- 
ture region 3. Further, at a temperature equal to or higher than Th-mask. the rear mask 5 is formed In the high- 
temperature region 5 as described before. 

As shown in Figs. 6A to 6C. In this method, the reproduction layer 11 becomes an in-plane magnetization 
film in the low-temperature region 4 and a perpendicular magnetization film in the high-temperature region 5 
55 where the magnetization is always oriented in the erasing direction, so that both work as optical masks. Only 
the medium-temperature region of the reproduction layer 11 becomes a perpendicular magnetization film 
where a signal of the memory layer 13 Is transferred due to the exchange coupling so that the medium-tem- 
perature region becomes the information detectable region (aperture region 3). 
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In this method, since the low-temperature region 4 is masked in addition to the high-temperature region 
5, information on the adjacent tracks (grooves 6a, 6b in Fig. 6A) can also be masked. Thus, crosstalk is reduced 
to improve the track density. Further, as described above, in the method where the mediunn-temperature region 
is used as the detecting region, the aperture region 3 within the laser spot 2 becomes a narrow region sand- 

5 wiched between the high-temperature region 5 and the low-temperature region 4. Further, even when the laser 
power fluctuates, widths of the aperture region 3 do not change, but are held constant. Thus, even when the 
higher-density recording is performed, the reproduction can be achieved satisfactorily with high resolution so 
that the stabled reproduction is realized even at occurrence of the laser power fluctuation. Further, in the pres- 
ent invention, since the detecting region is located near the center of the laser spot, a more excellent C/N ratb 

10 can be expected. 

As described before. Figs. 1 0A to 1 DC respectively show temperature dependencies of Ms of GdFeCo hav- 
ing different compensation temperatures. Among them, in the connposition where the compensation temper- 
ature exists between room temperature and the Curie temperature as shown in Fig. 10A, since a saturation 
magnetization is reduced to 0 at a temperature range higher than room temperature and lower than the Curie 

15 temperature, an intersection is generated between the diamagnetic field energy and the perpendicular mag- 
netic anisotropy constant so that the transition from an in-plane magnetization film to a perpendicular mag- 
netization film occurs. On the other hand, in Figs. 10B and 10C, such a transition does not occur. Accordingly, 
as a material of the reproduction layer 1 1 , for example, a material having a compensation temperature between 
room temperature and the Curie temperature is preferable, and further, a material having a magnetic aniso- 

20 tropy which is smaller than the diamagnetic field energy 2nMs2 at room temperature, is preferable. 

When laminating this magnetic film via the memory layer 13, the intermediate layer 12 and the like, Ku is 
apparently increased due to action of the exchange-coupling force from the memory layer 13. Accordingly, a 
temperature at which the transition to a perpendicular magnetization film occurs, shifts to a lower temperature 
side as compared with the case of no such lamination. However, by setting a temperature of transition to the 

25 perpendicular magnetization in the single-layer state to a relatively high value, it can be arranged that the mag- 
netic film is an in-plane magnetization film at room temperature and becomes a perpendicular magnetization 
film when increased in temperature, even in case the magnetic film is laminated with the memory layer 13. 

In this case, a condition where the reproduction layer 11 becomes an in-plane magnetization film, is ex- 
pressed by relation (20*). 

30 Ku + Ew13<2;rMs2 (20') 

where Ew13 represents an energy for orienting the magnetizatbn of the reproductton layer 11 in a per- 
pendicular directbn due to the exchange-coupling force from the memory layer 13. 

On the other hand, a condition where the reproduction layer 11 becomes a perpendicular magnetization 
film, is expressed by relation (21*). 

35 Ku + Ew13>2icMs2 (21') 

The intermediate layer 12 may be in the form of a perpendicular ...^^netization film having a large per- 
pendicular magnetic anisotropy. However, when the intermediate layer 12 having the large perpendicular mag- 
netic anisotropy is laminated on the reproduction layer 11 being an in-plane magnetization film at room tem- 
perature, the interface magnetic wall tends to permeate into a side of the reproduction layer 11 as shown in 

40 Fig. 15AS0 that the magnetization information of the memory layer 13 can not be masked sufficiently. In view 
of this, it is preferable to use a magnetic layerfor the intermediate layer 12, which has a perpendicular magnetic 
anisotropy small enough to work as a magnetic wall portion between the reprodutdion layer 11 and the memory 
layer 13 in a low-temperature region near room temperature as shown in Fig. isB, and in other words, which 
has a large in-plane anisotropy. For working as a magnetic wall portion, a magnetic material having small mag- 

45 netic wall energy, such as, GdFe or GdFeCo, may be preferably used as the intermediate layer. The fact that 
the in-plane anisotropy is large corresponds to the fact that K in relation (19) is a smaller value (K is a negative 
value and its absolute value is large). In order to make K of the intermediate layer 12 at room temperature small- 
er than K of the reproduction layer 11 at room temperature, when, for example, using a rare earth-iron family 
element alloy, such as, GdFe, GdFeCo or the like, Ms of the intermediate layer 12 at room temperature is made 

50 greater than that of the reproduction layer 11 by increasing a rate of a rare earth element (Gd). Further, it is 
also effective to diminish Ku by Increasing a content of Co. Among them, the method of increasing Ms is pre- 
ferable since Ms is reduced as the intermediate layer 12 approaches the Curie temperature so that a perpen- 
dicular anisotropy is increased in the aperture region. However, since the reproduction layer 11 does not be- 
come a perpendicular magnetization film to a sufficient extent in the aperture region when the In-plane ani- 

55 sotropy of the intermediate layer 12 is increased too much, the in-plane anisotropy thereof is increased to a 
degree which does not deteriorate the signal quality. 

Quite naturally, the intermediate layer is arranged to reach the Curie temperature after the reproduction 
layer 11 becomes a perpendicular magnetization film and exchange-coupled to the memory layer 13. In other 
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words, it is necessary to arrange llnat the reproduction layer 11 is an in-plane nr^agnetlzation f iinn at room tem- 
perature and becomes a perpendicular magnetization film at least between room temperature and the Curie 
temperature of the intemiediate layer 12. Examples of temperature dependencies of Ms of the reproduction 
layer 11, the intemnediate layer 12 and the memory layer 13 of such a medium are shown in Figs. 13Ato 13C, 

5 respectively. In the figures, positive Ms represents RE rich, while negative Ms represents TM rich. 

The present invention will be described in further detail by way of experimental examples. However, the 
present invention Is not limited to these experimental examples. - 

First, a magneto-optical recording medium in which a reproduction layer is a perpendicular magnetization 
film at room temperature and between room temperature and a Curie temperature was prepared and evalu- 

10 ated, which will be described in the following Experimental Examples 1 and 2. 

(Experimental Example 1) 

Si, Gd, Tb, Fe and Co targets were attached to a DC magnetron sputtering apparatus, and a glass sub- 

15 strate having a diameter of 1 30mm and a polycarbonate substrate with lands and grooves were fixed to a sub- 
strate holder which was set at a position separated from the respective targets by a distance of 1 50mm. There- 
after, the interior of the chamber was evacuated by a cryopump to a high vacuum of 1 x 1 0-* Pa or less. During 
the evacuation, Ar gas was introduced into the chamber to 0.4Pa. and thereafter, an SiN interference layer of 
900A thickness, a GdFeCo reproduction layerof 400A thickness, a TbFeCo intermediate layer of SOAthlckness, 

20 a TbFeCo memory layer of 350A thickness and an SiN protective layer of 700A thickness were formed in the 
order named, thus obtaining the magneto-optical recording medium of the present Invention with a structure 
shown in Fig. 14. Upon formation of each SiN dielectric layer, N2 gas was introduced In addition to the Ar gas, 
and the SIN layer was formed by DC reactive sputtering, adjusting a mixing ratio of the Ar and N2 gases, so 
as to obtain a refractive index of 2.2. 

25 The composition of the GdFeCo reproduction layer was Gd3o(Fe65Co35)7o and represented RE rich at room 

temperature, Ms of 196emu/cc. a compensation temperature of 240*'C and a Curie temperature of SOO^'C or 
more. f 

The composition of the TbFeCo intermediate layer was Tbi8(Fe97Co3)82 and represented TM rich at room 
temperature, Ms of -95emu/cc and a Curie temperature of 135^. 

30 The composition of the TbFeCo memory layer was Tbi8(Fe88Coi2)e2 ^^<^ represented TM rich at room tem- 

perature, Ms of -120emu/cc and a Curie temperature of 220^C. 

After recording a nrtagnetic domain of a 0.78nm mark length in the magneto-optical recording medium, the 
magnetic domain was observed by a polarizing microscope under inradiation of a semiconductor laser beam 
of 830nm. While increasing the laser power, it was confirmed that the recorded magnetic domain was con- 

35 tracted and the magnetization was oriented in an erasing direction at the center (high-temperature region) of 
the light spot at a certain laser power. 

Subsequently, the recording/reproduction characteristic was measured using this magneto-optical record- 
ing medium. The measurement was performed by setting N.A. of an objective lens to be 0.55, a laser beam 
wavelength to be 780nm. a recording power to be In a range of 7^13mW and a reproducing power to be In a 

40 range of 2.5 3.5mW, so as to provide the highest C/N ratio. A linear velocity was set to be 9m/s. First, erasing 
was performed entirely on the medium, and thereafter, carrier signals of 5.8MHz, 11.3MHz and 15MHz (cor- 
responding to mark lengths 0.78jim, 0.40[im and 0.30^m, respectively) were recorded In the memory layer so 
as to examine the mark-length dependency of C/N. 

Subsequently, crosstalk with the adjacent tracks (hereinafter refen-ed to as "crosstdlk") was measured. 

45 Specifically, after recording a signal of a 0.78^m mark length on the land as in the foregoing manner and meas- 
uring a carrier level C1, a carrier level C2 was similarly measured upon tracking the adjacent groove where 
data had been erased, and the crosstalk was represented by a ratio (C2/C1). Since the experiment was per- 
formed on the assumption that data were recorded on both the land and groove, an effective track pitch was 
0.8^m. 

50 Both the C/N ratios and the crosstalk were measured without applying an initializing magnetic field and a 

reproducing magnetic field. Table 1 shows compositions and materiality values of each layer and the results 
of the C/N ratios and the crosstalk. 

(Experimental Example 2) 

55 

Using the same apparatus and method as In Experimental Example 1. an SiN interference layer of 900A 
thickness, a GdFeCo reproduction layer of 400A thickness, a DyFeCo Intermediate layer of 60A thickness, a 
TbFeCo memory layer of 350A thickness and an SiN protective layer of 700A thickness were formed on a poly- 

13 



BNSDOCID: <EP . _ 0686970A2J_.> 



EP 0 686 970 A2 



carbonate substrate in the order named, thus obtaining the magneto-optical recording medium of the present 
invention with a structure shown in Fig. 14. 

The composition of the GdFeCo reproduction layer was Gd28(Fe65Co35)72 and represented RE rich at room 
temperature. Ms of 166emu/cc, a compensation temperature of 180^C and a Curie temperature of 300**C or 
5 more. 

The composition of the DyFeCo Intermediate layer was Dy2o(Feg7Co3)eo and represented TM rich at room 
temperature, Ms of -80emu/cc and a Curie temperature of 128°C. 

The composition of the TbFeCo memory layer was Tbi8(Fe88Coi2)82 and represented TM rich at room tenrv- 
perature, Ms of -120emu/cc and a Curie temperature of 220°C. 
10 Sut>sequentiy, using this magneto-optical recording medium, the mark-length dependency of C/N and the 
crosstalk were examined as in Experimental Example 1. The results are shown In Table 1. 

Now, a magneto-optical recording medium in which a reproduction layer is an in-plane magnetization film 
at room temperature and becomes a perpendicular magnetization film between room temperature and a Curie 
temperature was prepared and evaluated, which will be described in the following Experimental Examples 3, 
IS 4, 5 and 6. 

(Experimental Example 3) 

Using the same apparatus and method as in Experimental Example 1. an StN interference layer of 900A 
20 thickness, a GdFeCo reproduction layer of 400A thickness, a GdFe intermediate layer of 1 0OA thickness, a 
TbFeCo memory layer of 300A thickness and an SIN protective layer of 700A thickness were formed on a poly- 
carbonate substrate in the onjer named, thus obtaining a sample with a structure shown In Fig. 14. 

The composition of the GdFeCo reproduction layer was set to represent RE rich at room temperature, Ms 
of 218emu/cc, a compensation temperature of 238^ and a Curie temperature of 300''C or more. 
25 The composition of the GdFe intermediate layer was set to represent RE rich at room temperature, Ms of 

475emu/cc and a Curie terhperature of lOO'^C. 

The composition of the TbFeCo memory layer was set to represent TM rich at room temperature, Ms 
of -150emu/cc and a Curie temperature of 260**C. 

Subsequently, using this magneto-optical recording medium, the recording/reproduction characteristic 
30 was evaluated as in Experimental Example 1. The results are shown in Table 1. 

(Experimental Example 4) 

Using the same apparatus and method as in Experimental Example 1, an SIN interference layer of 900A 
35 thickness, a GdFeCo reproduction layer of 450A thickness, a GdFe intermediate layer of 80A thickness, a TbFe- 
Co memory layer of 320A thickness and an SIN protective layer of 700A thic^v.ass were formed on a polycar- 
bonate substrate in the order named, thus obtaining a sample with a structure shown in Fig. 14. 

The composition of the GdFeCo reproduction layer was set to represent RE rich at room temperature, Ms 
of 170emu/cc, a compensation temperature of 190**C and a Curie temperature of 300**C or more. 
40 The composition of the GdFe intermediate layer was set to represent RE rich at room temperature, Ms of 

540emu/cc and a Curie temperature of 165*^C. 

The composition of the TbFeCo memory layer was set to represent TM rich at room temperature, Ms 
of -50emu/cc and a Curie temperature of 240°C. 

Subsequently, using this magneto-optical recording medium, the recording/reproduction characteristic 
45 was evaluated as in Experimental Example 1. The results are shown in Table 1. 

(Experimental Example 5) 

Using the same apparatus and method as in Experimental Example 1, an SiN interference layer of 900A 
50 thickness, a GdFeCo reproduction layer of 380A thickness, a GdFe intermediate layer of 120A thickness, a 
TbFeCo memory layer of 350A thickness and an SiN protective layer of 700A thickness were formed on a poly- 
carbonate substrate in the order named, thus obtaining a sample with a structure shown in Fig. 14. 

The composition of the GdFeCo reproduction layer was set to represent RE rich at room temperature, Ms 
of 280emu/cc, a compensation temperature of 290°C and a Curie temperature of 300*'C or more. 
55 The composition of the GdFe intermediate layer was set to represent RE rich at room temperature, Ms of 

420emu/cc and a Curie temperature of 195°C. 

The composition of the TbFeCo memory layer was set to represent TM rich at room temperature, Ms 
of -200emu/cc and a Curie temperature of 220°C. 
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Subsequently, using this magneto-optical recording medium, the recording/reproduction characteristic 
was evaluated as in Experimental Example 1. The results are shown in Table 1. 



(Experimental Example 6) 

Using the same apparatus and method as In Experimental Example 1, an SiN interference layer of 900A 
thickness, a GdFeCo reproduction layer of 430A thickness, a GdFeCo intermediate layer of 130A thickness, 
a TbFeCo memory layer of 350A thickness and an SiN protective layer of 700A thickness were formed on a 
polycarbonate substrate in the order named, thus obtaining a sample with a structure shown in Fig. 14. 
10 The composition of the GdFeCo reproduction layer was set to represent RE rich at room temperature. Ms 
of 250emu/cc, a compensation temperature of 260**G and a Curie temperature of 300'='C or more. 

The composition of the GdFeCo intermediate layer was set to represent RE rich at room temperature, Ms 
of 480emu/cc and a Curie temperature of 176'C. 

The composition of the TbFeCo memory layer was set to represent TM rich at room temperature, Ms 
15 of -240emu/cc and a Curie temperature of 270°C. 

Subsequently, using this magneto-optical recording medium, the recording/reproduction characteristic 
was evaluated as in Experimental Example 1. The results are shown in Table 1. 

Now. the known super-resolution magneto-optical recording medium was prepared, and evaluation thereof 
was performed in the same manner as in the foregoing experimental examples. 

20 

(Comparative Example 1) 

First, a medium the same as that described in Japanese Patent Application Laid-open No. 3-93056 was 
prepared and evaluated. 

25 Using the same film forming apparatus and method as in Experimental Example 1. an SiN interference 

layer of 900A thickness, a GdFeCo reproduction layer of 300A thickness, a TbFeCoAI intermediate layer of 
100A thickness, a TbFeCo memory layer of 400A thickness and an SiN protective layer of 700A thickness were 
formed on a glass substrate in the order named, thus obtaining the magneto-optical recording medium of Com- 
parative Example 1 . 

30 The composition of the GdFeCo reproduction layer was set to represent TM rich at room temperature, Ms 

of -180emu/cc and a Curie temperature of 300°C or more. 

The composition of the TbFeCoAI Intermediate layer was set to represent TM rich at room temperature. 
Ms of -1 60emu/cc and a Curie temperature of 140°C. ' 

The composition of the TbFeCo memory layer was set to represent TM rich at room temperature, Ms 
35 of -150emu/cc and a Curie temperature of 250°C. 

Subsequently, using this magneto-optical recording medium, the recording/reproduction characteristic 
was measured as in Experimental Example 1. In this case, however, upon reproduction, a reproducing mag- 
netic field was applied to the medium in a perpendicular direction, by changing a magnitude of the reproducing 
magnetic field between 0 Oe, 200 Oe and 400 Oe. The results are shown in Table 1. 

40 

(Comparative Example 2) 

Next, a medium the same as that described in Japanese Patent Application Laid-open No. 3-255946 was 
prepared and evaluated. 

45 Using the same film forming apparatus and method as in Experimental Example 1. an SiN interference 
layer of 900A thickness, a GdFeCo reproduction layer of 300A thickness, a TbFeCoAI intermediate layer of 
1 0OA thickness, a GdFeCo auxiliary layer of 1 60A. a TbFeCo memory layer of 400A thickness and an SiN pro- 
tective layer of 700A thickness were formed on a glass substrate in the order named, thus obtaining the mag- 
neto-optical recording medium of Comparative Example 2. 
50 The composition of the GdFeCo reproduction layer was set to represent TM rich at room temperature, Ms 
of -160emu/cc and a Curie temperature of 300°c or more. 

The composition of the TbFeCoAI intermediate layer was set to represent TM rich at room temperature. 
Ms of -160emu/cc and a Curie temperature of 140**C. 

The composition of the GdFeCo auxiliary layer was set to represent TM rich at room temperature. Ms of 
55 -180emu/cc and a Curie temperature of 280°C. 

The composition of the TbFeCo memory layer was set to represent TM rich at room temperature, Ms 
of -150emu/cc and a Curie temperature of 250°C. 

Subsequently, using this magneto-optical recording medium, the recording/reproduction characteristic 
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was measured as in Experimental Example 1. In this case, however, prior to reproduction, an initializing mag- 
netic field in a perpendicular direction was applied to the medium by changing a magnitude of the initializing 
magnetic field between 0 Oe, 1,000 Oe and 2,000 Oe, and a reproducing magnetic field was applied to the 
medium by changing a magnitude of the reproducing magnetic field between 0 Oe, 200 Oe and 400 Oe. The 
5 results are shown in Table 1. 

(Comparative Example 3) 

Next, a medium the same as that described in Japanese Patent Application Laid-open No. 6*124500 was 
10 prepared and evaluated. 

Using the same film forming apparatus and method as In Experimental Example 1, an SiN interfeFence 
layer of 900A thickness, a GdFeCo reproduction layer of 400A thickness, a TbFeCo memory layer of 400A thick- 
ness and an SiN protective layer of 700A thickness were formed on a glass substrate in the order named, thus 
obtaining the magneto-optical recording medium of Comparative Example 3. 
15 The composition of the GdFeCo reproduction layer was set to represent RE rich at room temperature, Ms 
of 180emu/cc, a compensation temperature of 240X and a Curie temperature of 300**C or more. 

The composition of the TbFeCo memory layer was set to represent TM rich at room temperature, Ms of 
150emu/cc and a Curie temperature of 250°C. 

Subsequently, using this magneto-optk^al recording medium, the recording/reproduction characteristic 
20 was measured as in Experimental Example 1. The results are shown in Table 1. 

According to the measurement results of the foregoing Experimental Examples 1 to 6. particularly to the 
measurement results with the short mark lengths. In any of the mediums, the high C/N ratios were obtained 
with the short mark lengths without applying the reproducing magnetic field. Further, in the mediums where 
the reproduction layer is an in-plane magnetization film at room temperature and becomes a perpendicular 
25 magnetization film between room temperature and the Curie temperature, the improvement in C/N and the 
crosstalk was observed. On the other hand, In the medium of Comparative Example 1, the sufficiently high 
C/N ratio was not obtained without applying the reproducing magnetic field of 400 Oe. Further, the crosstalk 
showed the bad results. On the other hand, in the medium of Comparative Example 2, no improvement in C/N 
and the crosstalk was observed without applying the sufficient initializing magnetic field and the reproducing 
30 magnetic field. Further, in Comparative Example 3, the suff k^lently high C/N ratio was not obtained. 

Accordingly, in the magneto-optical recording medium of the present invention, the C/N ratio or both the 
C/N ratio and the crosstalk can be improved without applying the reproducing magnetic field or without applying 
both the initializing magnetic field and the reproducing magnetic field. Thus, the line recording density or both 
the line recording density and the track density can be improved. 
35 Next, verification of the foregoing energy relation expressions (12) to (18) was performed in Experimental 

Examples 7 to 10 and 11 to 15 and Comparative Examples 4 to 8. 

(Experimental Example 7) 

40 Si, Gd, Tb, Fe and Co targets were attached to a DC magnetron sputtering apparatus, and a glass sub- 

strate having a diameter of 130mm and a polycarbonate substrate with lands and grooves were fixed to a sub- 
strate holder which was set at a position separated from the respective targets by a distance of 150mm. There- 
after, the interior of the chamber was evacuated by a cryopump to a high vacuum of 1 x 10-^ Pa or less. During 
the evacuation. Ar gas was introduced into the chamber to 0.5Pa. and thereafter, an SiN interference layer of 

45 gooA thickness, a GdFeCo reproduction layer of 400A thickness, a TbFeCo intermediate layer of lOOA thick- 
ness, a TbFeCo memory layer of 350A thickness and an SiN protective layer of 700A thickness were fonfned 
in the order named, thus obtaining the magneto-optical recording medium of the present invention with a struc- 
ture shown in Fig. 14. Upon formation of each SiN dielectric layer. N2 gas was introduced in addition to the Ar 
gas, and the SiN layer was formed by DC reactive sputtering, adjusting a mixing ratio of the Ar and N2 gases, 

50 so as to obtain a refractive index of 2.1 . 

The composition of the GdFeCo reproduction layer was Gdx(Fe57Co43)ioo. k (a figure of a composition ratio 
represents an atomic ratio (%); hereinafter same will apply to), and x was set to be 25%. Hereinafter, a polarity 
of a saturation magnetization will be described as being positive in case of rare earth element sublattice mag- 
netization dominant and as being negative in case of iron family element sublattice magnetization dominant. 

55 The composition of the TbFeCo intemnediate layer was Tb2o(Fe97Co3)8o. A film of this composition was 

measured alone and represented Ms3 of -120emu/cc at room temperature and a Curie temperature of 155**C. 
Since the medium of the present example is a medium of a front-aperture detection (FAD) type in which only 
the rear mask is formed. TbFeCo having a large perpendicular magnetic anisotropy is used for the intermediate 
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layer so as to avoid formation of a front mask as much as possible. 

The composition of the TbFeCo memory layer was Tb2o(Fe8oCo2o)8o- Af ilm of this composition was meas- 
ured alone to observe the temperature dependency of a saturation magnetization Ms2. and represented Ms2 
of -240emu/cc at room temperature and a Curie temperature of 250X, The temperature dependency of Ms2 
5 is shown In Fig. 17. 

(Experimental Example 8) 

Subsequently, using the same apparatus and method as In Experimental Example 7. the magneto-optical 
10 recording medium of the present invention having a structure like that in Experimental Example 7 was pre- 
pared. The intermediate layer and the memory layer respectively had the same film thicknesses and compo- 
sitions as those of the Intermediate layer and the memory layer in Experimental Example 7. The reproduction 
layer also had the same film thickness as that in Experimental Example 7. but the composition thereof was 
changed. Specifically, x was set to 26% in Gdx(Fe57Co43)ioo. x- Af ilm of this composition was measured alone 
15 to observe the temperature dependency of a saturation magnetization Ms1, and represented Ms1 of 
1 51emu/cc at room temperature, a compensation temperature of 172'=*C and a Curie temperature of 300'C or 
more. The temperature dependency of Msl is shown in Fig. 16. 

(Experimental Example 9) 

Subsequently, using the same apparatus and method as in Experimental Example 7, the magneto-optical 
recording medium of the present Invention having the same structure as that In Experimental Example 7 except 
for the composition of the reproduction layer, was prepared. Specifically, in the composition of the reproduction 
layer, x was set to 28% in Gdx(Fe57Co43)ioo-x- A film of this composition was measured alone to observe the 
25 temperature dependency of a saturation magnetization Msl , and represented Msl of 236emu/cc at room tenn- 
perature, a compensation temperature of 225*'C and a Curie temperature of 300°C or more. The temperature 
dependency of Msl Is shown in Fig. 16. | 

(Experimental Example 10) 

Subsequently, using the same apparatus and method as in Experimental Example 7, the nnagneto-optical ^ 
recording medium of the present invention having the same structure as that in Experimental Example 7 except 
for the composition of the reproduction layer, was prepared. Specifically, in the composition of the reproduction 
layer, x was set to 31% in Gdx(Fe57Co43)ioo.x. A film of this composition was measured alone to observe the 
temperature dependency of a saturation magnetization Ms1, and represented Msl of 326emu/cc at room tem- 
perature, a iX»mpensation temperature of 275^C and a Curie temperature of 300*»C or more. The temperature 
dependency of Msl is shown in Fig. 16. 

(Comparative Example 4) 

40 

Subsequently, using the same apparatus and method as in Experimental Example 7, the magneto-optical 
recording medium of Comparative Example 4 having a structure like that in Experimental Example 7 was pre- 
pared. The intermediate layer and the memory layer respectively had the same film thicknesses and compo- 
sitions as those of the intermediate layer and the memory layer in Experinrtental Example 7. The reproduction 
45 layer also had the same film thickness as that in Experimental Example 7. but the composition thereof was 
changed. Specifically, x was set to 23% in Gdx(Fe57Co43)ioo-x- 

In the state where the magnetic films having the foregoing magnetic characteristics were laminated, it was 
examined whether a mask was formed in the high-temperature region. In case of the magnetostatic energy 
from the reproduction layer and the memory layer being dominant in the magnetostatic energy inside the me- 
50 dium. such as, in case of a magnetic layer other than the reproduction layer and the memory layer being rel- 
atively small in thickness, it Is necessary , in order for the mask to be formed in the high-temperature region, 
that relation (22) is established based on the foregoing energy relation expressions, 

Ewb - Eleak - Est > Ed + Ewi (22) 
First, energies applied to the Bloch magnetic wall of the recorded magnetic domain transfenred to the repre- 
ss duction layer (Bloch magnetic wall energy Ewb, static magneticf ield energy Eleak from the reproduction layer, 
static magnetic field energy Est from the memory layer) were derived. 

Since each term in relation (22) depends on a temperature, each temi is indicated relative to a temperature, 
for accuracy, so as to determine whether relation (22) is established. On the other hand, since Ewi is rapidly 
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reduced when the intermediate layer reaches around the Curie temperature, it Is frequent that a sign of in- 
equality in relation (22) is established before the intermediate layer reaches the Curie temperature. In view of 
this, it was examined whether relation (22) was established at the Curie temperature of the intermediate layer. 
At this time point Ewi can be regarded as 0. For calculation, a Bloch magnetic wall energy Ewb of the repro- 

5 ductlon layer and saturation magnetizations of the reproduction layer and the memory layer when the inter- 
mediate layer reaches the Curie temperature, are necessary. Accordingly, first, each of these materiality val- 
ues was calculated. It is assumed that the reproduction layer and the memory layer lose the exchange-coupling 
force around the Curie temperature of the intermediate layer, i.e. about ISS^'C. Values at this temperature were 
taken as the materiality values. A Bloch magnetic wall energy owb of the reproduction layer, when measured 

10 with the reproduction layer in the form of a single layer film, did not depend on the composition thereof within 
a range of this experiment and was about 1.9erg/cc at about 155°C. Further, Ms2 of the memory layer was 
derived to be -225emu/cc from Fig. 17. On the other hand, Ms1 of the reproduction layer differed depending 
on the compositions of the reproduction layer and were derived to be values as shown in Table 3. Using these 
materiality values, the energies were calculated. 

15 First, by substituting awb=1.9erg/cc and r=0.2^m into relation (15), Ewb=9.50 x 10^ erg/cc was obtained. 
Further, Msl necessary for deriving Eleak was obtained in the following manner. Specifically, Ms1 values cor- 
responding to the respective reproduction layers were plotted. Since the precise measurement of Ms1 around 
the compensation composition was not easy, a value corresponding to Gd,t(Fe57Co43)ioo-x (x=21%) alone was 
measured, and from this Ms1 and other Msl values, Msl values corresponding to x=23, 25 were plotted as 

20 shown in Fig. 1 8 so as to presume Msl values therefor. Using hi =30nm and r=0.2^m, Eleak was obtained from 
relation (18). Further, Est is expressed by relation (23). 

Est = 2Ms1Hst (23) 

Accordingly, Hst was first calculated. Hst can be calculated from relation (24) In a simplified manner. In 
relations (24) and (25), a represents a radius of the recorded magnetic domain of the memory layer, h2 rep- 
25 resents a film thickness of the memory layer and (r, 0, z) represents coordinates of a measurement point, ap- 
plied with a magnetic field Hst in a film-thickness direction, in the polar coordinate system having the origin 
which Is the center of an end surface, at a light-incident side, of the recorded magnetic domain in the memory 
layer, wherein r represents a distance in a radial direction, 6 represents an angle and z represents a distance 
toward the light-incident side. 

30 

Hst=UKMs2)f^{k(r/a, z/a, e)-Jc(r/a. (^+A)/a, e)}de 

35 

— (24) 

AO k(r/a, z/a. 9) and f (r, z. G) are defined by relations (25) and (26). respectively. 

k(r/a, z/a, 8) s - (Vn) {{7Ja)fi ( r z. 9)} {1 f (r. z, 9)} / {1 - (r/a) cos9 + f (r. z. 9)} (25) 
fl[r. z. 9) = V(1 + (r/a)2 + (z/a)2 - 2(z/a)cos9) (26) 
Influence of a statk: magnetic field from a recorded magnetic domain of the memory layer other than a 
recorded magnetic domain of the memory layer just under a recorded magnetic domain of the reproduction 
layer being observed, is not so large. Accordingly, for simplification, relation (24) only deals with the recorded 
magnetic domain of the memory layer just under the recorded magnetic domain of the reproduction layer being 
observed. However, for further accuracy, it is better to calculate the magnetostatic energy from all the mag- 
netization in the memory layer. This also applies to calculation of HIeak defined by relation (8) In a simplified 
manner. As a result of calculating relation (24) using a calculator, Hst/(47tMs2)=0.15 was obtained in case of 
a diameter of the recorded magnetic domain being 0.47cm (a=0.2nm). Est was obtained using this value, Ms1 
and Ms2. The results are shown In Table 3. 

Further, a coercive force energy Ec is expressed by relation (27). 

Ec = 2Ms1 ' Hc1 (27) 

From the temperature dependencies of the saturation magnetization and the coercive force of the repro- 
duction layer, Ec at ISS^'C depended on the composition of the reproduction layer only to a small extent in this 
experimental example, and thus were substantially 6 x 1(M erg/cc for any of the compositions. 
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These energy values are shown In Table 3. 

As described before, in orderfor the mask to be formed in the high-temperature region, relation (22) should 
be established. Since Ewi=0, an expression Ewb-Eleak-Est-Ec for showing whether the recorded magnetic do- 
main of the reproduction layer is contracted and inverted, is shown in Fig. 19 relative to the compositions x of 
5 the reproduction layer. According to Fig. 19, when x ^ 25%, relation (28) was to be established so that it was 
expected that the recorded magnetic domain of the reproduction layer would be contracted and inverted, and 
thus the rear mask would be formed. 

Ewb - Eleak - Est - Eel > 0 (28) 
On the other hand, when x ^ 24%. relation (29) was to be established so that It was expected that the rear 
10 mask would not be formed. 

Ewb - Eleak - Est - EcK 0 (29) 
Next, the recording/reproduction characteristic was measured using this disc magneto-optical recording 
medium. The measurement was performed by setting N.A. of an objective lens to be 0.55, a laser beam wa- 
velength to be 780nm, a recording power to be in a range of 7 to 13mW and a reproducing power to be 2.4mW. 

15 A linear velocity was set to be 9m/s. and no external magnetic field was applied upon reproduction. First, eras- 
ing was performed entirely on the medium, and thereafter, carrier signals of 5.8MHz. 11 .3MHz and 15MHz (cor- 
responding to mark lengths 0.78^lm. 0.40^m and O.ao^m, respectively) were recorded in the memory layer so 
as to examine the mark-length dependency of C/N. When the recording of the mark length 0.78jim was per- 
formed, a C/N ratio of 48dB or more was obtained for all the discs. On the other hand, when the recording of 

20 the mark length 0.30^m was performed, a C/N ratio of 35dB or more was obtained for the mediums of Exper- 
imental Examples 7 to 1 0, while a C/N ratio of 20dB or more was not obtained for the medium of Comparative 
Example 4. 

C/N ratios at the mark length 0.40jim are shown in Fig. 19 relative to the compositions of the reproduction 
layer, along with the energies. As seen in Fig. 19, when x ^ 25% in the composition Gdx(Fe57Co43)ioo-x of the 
25 reproduction layer, a C/N ratio was 40dB or more so that good values were obtained. On the other hand, when 

x=23%, a C/N ratio was deteriorated. When comparing this with the foregoing energy relatfon. it is appreciated ^ 
that this matches well the energy calculation results. This reveals that the medium of the present invention ^ 
satisfying the foregoing energy conditional expressions shows the excellent reproduction characteristic. 

30 (Experimental Example 11) 

Next, the foregoing magneto-optical recording medium in which the reproduction layer is an in-plane mag- 
netization film at room temperature and becomes a perpendicular magnetization film between room temper- 
ature and a Curie temperature, was prepared. First. Si. Gd, Tb, Fe and Co targets were attached to a DC mag- 

35 netron sputtering apparatus, and a glass substrate having a diameter of 1 30mm and a polycarbonate substrate 
with lands and 9ityoves were fixed to a substrate holder which was set at a position separated from the re- 
spective targets by a distance of 1 50mm. Thereafter, the interior of the chamber was evacuated by a cryopump 
to a high vacuum of 1 x ICH Pa or less. During the evacuation, Ar gas was introduced into the chamber to 
0.5Pa, and thereafter, an SIN interference layer of 900A thickness, a GdFeCo reproduction layer of 400A thick- 

40 ness, a GdFe intermediate layer of 100A thickness, a TbFeCo memory layer of 350A thickness and an SIN 
protective layer of 700A thickness were formed in the order named, tivis obtaining the magneto-optical record- 
ing medium of the present invention with a structure shown in Fig. 14. Upon formation of each SiN dielectric 
layer. Nj gas was introduced in addition to the Ar gas. and the SiN layer was formed by DC reactive sputtering, 
adjusting a mixing ratio of the Ar and Na gases, so as to obtain a refractive index of 2.1. 

45 The composition of the GdFeCo reproduction layer was Gdx(Fe58Co42)ioo- x and x was set to be 27%. Af ilm 
of this composition was measured alone to observe the temperature dependency of a saturation magnetization 
Msl (emu/cc). and represented Ms1 of 1 50emu/cc at room temperature, a compensation temperature of 188°C 
and a Curie temperature of 300°C or more. 

The composition of the GdFe intermediate layer was GdayFeea- A film of this composition was measured 

50 alone and represented a saturation magnetization Ms3 of 420emu/cc at room temperature and a Curie tem- 
perature of 1 98**C. In the present medium. GdFe having a small perpendicular magnetic anisotropy and a large 
saturation magnetization is used for the intermediate layer so that the reproduction layer becomes an in-plane 
magnetization film around room temperature to a sufficient extent so as to form a front mask. 

The composition of the TbFeCo memory layer was Tb2o(Fe8oCo2o)8o- A film of this composition was meas- 

55 ured alone to observe the temperature dependency of a saturation magnetization Ms2, and represented Ms2 
of -240emu/cc at room temperature and a Curie temperature of 250"C. The temperature dependency of Ms2 
is shown in Fig. 17. 
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(Experimental Example 12) 

Subsequently, using the same apparatus and method as In Experimental Example 11 , the magneto-optical 
recording medium of the present invention having a structure like that in Experimental Example 11 was pre- 

5 pared. The intenfnediate layer and the memory layer respectively had the same film thicknesses and compo- 
sitions as those of the intermediate layer and the memory layer in Experimental Example 11 . The reproduction 
layer also had the same film thickness as that in Experimental Example 11. but the composition thereof was 
changed. Specifically, x was set to be 28% in Gdx(Fe5BCo42)ioo- x- Af ilm of this composition was measured alone 
to observe the temperature dependency of a saturation magnetization Msl, and represented Msl of 

10 200emu/cc at room temperature, a compensation temperature of 205°C and a Curie temperature of 300**C or 
more. 

(Experimental Example 13) 

15 Subsequently, using the same apparatus and method as in Experimental Example 11 . the magneto-optical 
recording medium of the present invention having the same structure as that in Experimental Example 11 ex- 
cept for the composition of the reproduction layer, was prepared. Specifically, in the composition of the repro- 
duction layer, x was set to 29% in Gdx(Fe58Co42)ioo-x- Af ilm of this composition was measured alone to observe 
the temperature dependency of a saturation magnetization Ms1, and represented Msl of 240emu/cc at room 

20 temperature, a compensation temperature of 225^0 and a Curie temperature of 300''C or more. 

(Experimental Example 14) 

Sutjsequently, using the same apparatus and method as in Experimental Example 11 , the magneto-optical 
25 recording medium of the present invention having the same structure as that in Experimental Example 11 ex- 
cept for the composition of the reproduction layer, was prepared. Specifically, in the composition of the repro- 
duction layer, x was set to 31% in Gdx(Fe5BCo42)ioo.x- Af ilm of this compositbn was measured alone to observe 
the temperature dependency of a saturation magnetization Msl, and represented Msl of 310emu/cc at room 
temperature, a compensation temperature of 260^0 and a Curie temperature of dOC'C or more. 

30 

(Comparative Example 5) 

Subsequently, using the same apparatus and method as in Experimental Example 11 . the magneto-optical 
recording medium of Comparative Example 5 having a structure like that in Experimental Example 11 was pre- 
ss pared. The intermediate layer and the memory layer respectively had the same film thicknesses and compo- 
sitions as those of the intermediate layer and the memory layer in Experimental Example 11 . The reproduction 
layer also had the same film thickness as that in Experimental Example 11, but the composition thereof was 
changed. Specifically, x was set to 25% in Gdx(Fe5eCo42)ioo- x« A film of this composition was measured alone 
to observe the temperature dependency of a saturation magnetization Msl , and represented Ms1 of 51emu/cc 
40 at room temperature, a compensation temperature of 1 50**C and a Curie temperature of 300**C or more. 

(Comparative Example 6) 

Subsequently, using the same apparatus and method as in Experimental Example 11. the magneto-optical 
45 recording medium of Comparative Example 6 having a structure like that in Experimental Example 11 was pre- 
pared. The intermediate layer and the memory layer respectively had the same film thicknesses and compo- 
sitions as those of the Intermediate layer and the memory layer In Experimental Example 11 . The reproduction 
layer also had the same film thickness as that in Experimental Example 11, but the composition thereof was 
changed. Specifically, x was set to 26% in Gdx(Fe58Co42)ioc^ x- 
50 In the state where the magneticf ilms having the foregoing magnetic characteristics were laminated, a con- 

dition of formation of the mask in the high-temperature region when the exchange-coupling force from the 
memory layer was lost In case of reconding the mark length 0.4^m, was derived. It is assumed that the repro- 
duction layer and the memory layer lose the exchange-coupling force at about 200'*C. Values at this temper- 
ature were taken as the materiality values. A Bloch magnetic wall energy awb of the reproduction layer, when 
55 measured with the reproduction layer in the form of a single layer film, did not depend on the composition there- 
of in the present experimental example .and was about 1 .5erg/cc at about 200**C. Further, a saturation mag- 
netization Ms2 of the memory layer was derived to be -180emu/cc. On the other hand, a saturation magneti- 
zation Ms1 of the reproduction layer differed depending on the compositions of the reproduction layer and were 
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derived to be values as shown in Table 4. Using these materiality values, the effective magnetic fields were 
calculated. 

First, by substituting owb=1.5erg/cc and r=0.2^m into relation (15), Ewb=7.50 x 10* erg/cc was obtained. 
Eleak was obtained by using h1=30nm. p=0.2^m and Msl which was derived corresponding to each of the re- 
5 production layers in the same manner as in Experimental Examples 7 to 10. Est was calculated using Hst=0.15, 
Msl and Ms2 as described before. 

From the temperature dependencies of a saturation magnetization and a coercive force of the reproduction 
layer, a coercive force energy Ec at about 200°C depended on the composition of the reproduction layer only 
to a small extent in this experimental example, and thus were substantially 6x10* erg/cc for any of the com- 
10 positions. 

These energy values are shown in Table 4. 

Further, an expression Ewb-Eleak-Est-Ec for showing whether the recorded magnetic domain of the re- 
production layer is contracted and inverted, is shown in Fig. 20 relative to the compositions x of the reproduction 
layer According to Fig. 20, when x > 26%, relation (28) was to be established so that it was expected that the 
15 recorded magnetic domain of the reproduction layer would be contracted and inverted, and thus the rear mask 
would be formed. 

Ewb - Eleak - Est - Ed > 0 (28) 
On the other hand, when x ^ 26%. relation (29) was to be established so that it was expected that the rear 
mask would not be formed. Thus, it was expected that a C/N ratio would be deteriorated. 

20 Ewb - Eleak - Est - EcK 0 (29) 

Next, the recording/reproduction characteristic was measured using this magneto-optical recording me- 
dium. The measurement was performed by setting N.A. of an objective lens to be 0.55. a laser beam wave- 
length to be 780nm, a recording power to be in a range of 7 to 13mW and a reproducing power to be 3.4mW. 
A linear velocity was set to be 9m/s, and no external magnetic field was applied upon reproduction. First, eras- 

25 ing was performed entirely on the medium, and thereafter, carrier signals of 5.8MHz. 1 1 .3MHz and 1 5MHz (cor- 
responding to mark lengths 0.78nm. 0.40nm and 0.30nm. respectively) were recorded in the memory layer so 
as to examine the mark-length dependency of C/N. When the recording of the mark length 0.78nm was per- 
formed, a C/N ratio of 48dB or more was obtained for all the discs. On the other hand, when the recording of 
the mark length 0.30nm was performed, a C/N ratfo of 35dB or more was obtained for the mediums of the pres- 

30 ent invention in Experimental Examples 1 1 to 1 4. while a C/N ratio of 25dB or more was not obtained for the 
mediums of Comparative Examples 5 and 6. 

C/N ratios at the mark length 0.40^m are shown in Fig. 20 relative to the compositions of the reproduction 
layer. As seen in Fig. 20. when x > 26% in the composition Gdx(Fe6eCo42)ioo-xOf the reproduction layer, a C/N 
ratio was 40dB or more so that good values were obtained. On the other hand, when x=25%. 26%. a C/N ratio 

35 was deteriorated. When comparing this with the foregoing energy relation, it is appreciated that this matches 
well the energy calcuiciikjn results. This reveals that the medium of the present invention satisfying the fore- 
going energy conditional expressions shows the excellent reproduction characteristic. On the other hand, with 
regard to a disc with x=26%. since a deviation relative to the condition of formation of the rear mask is relatively 
small, good C/N ratios have been obtained as compared with the conventional medium which is not the super- 

40 resolution medium. However, in order to obtain the sufficiently high C/N ratio, the condition of the present in- 
vention is necessary. Further, with x=31 %. although the condition of formation of the rear mask was satisfied 
in terms of the energy expression, a C/N ratio was somewhat deteriorated as being 40d B or less. By measuring 
a Kerr loop (a loop obtained by plotting Kerr rotation angles of a sample relative to a magnetic field applied in 
perpendicular to a film thickness direction; measured with a laser beam of 780nm) under Inradiation of light 

45 from a side of the reproduction layer with respect to a disc with x=31% by increasing a temperature from room 
temperature, it has been clarified that the reproduction layer did not become a perpendicular magnetization 
film to a sufficient extent before the temperature increases to reach the Curie temperature of the intemiediate 
layer. Thus, it has been found out that the deterioration of C/N was caused due to the fact that a condition nec- 
essary for the medium of the present invention other than the energy relation, that is. a condition that the re- 
50 production layer should be a magnetic layer which becomes a perpendicular magnetization film at least before 
the intermediate layer reaches the Curie temperature, was not satisfied. 

(Experimental Example 15) 

55 Finally, consideration has been made from various aspects with respect to the characteristic of the mag- 

neto-optical recording medium of the present invention, which will be shown in Experimental Example 15 and 
Comparative Examples 7 and 8. 

Si. Gd, Fe and Co targets were attached to a DC magnetron sputtering apparatus, and a glass substrate 
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having a diameter of 130mm and a polycarbonate substrate with lands and grooves at a pitch of l.e^m were 
fixed to a substrate holder which was set at a position separated from the respective targets by a distance of 
150mm. Thereafter, the interior of the chamber was evacuated by a cryopump to a high vacuum of 1 x IQ-s 
Pa or less. During the evacuation, Ar gas was introduced into the chamber to 0.4Pa, and thereafter, an SIN 

5 interference layer of 900A thickness, a Gd2a(Fe6oCo4o)72 reproduction layer of 400A thickness, a GdayFeea in- 
termediate layer of 100A thickness, a Tb2o(Fe8oCo2o)8o memory layer of 300A thickness and an SIN protective 
layer of 700A thickness were formed in the order named, thus obtaining the magneto-optical recording medium 
of the present invention with a structure shown in Fig. 14. This medium is of a double-mask type in which a 
rear mask and a front mask are formed. Upon formation of each SiN dielectric layer, N2 gas was Introduced 

10 in addition to the Ar gas, and the SiN layer was formed by DC reactive sputtering, adjusting a mixing ratio of 
the Ar and N2 gases, so as to obtain a refractive index of 2.1. The Gd28(Fe6oCo4o)72 reproduction layer was 
rare earth element sublattice magnetization dominant at room temperature, and was set to represent a satur- 
ation magnetization Msl of 180emu/cc, a compensation temperature Tcompi of 215^C and a Curie tempera- 
ture Tel of 300**C or more. The GdajFessintermedlate layer was rare earth element sublattice magnetization 

15 dominant at room temperature, and was set to represent a saturation magnetization Ms3 of 450emu/cc and a 
Curie temperature Tc3 of 190°C. The Tb2o(Fe8oCo2o)8o memory layer was iron family element lattice magneti- 
zation dominant, and was set to represent a saturation magnetization Ms2 of -240emu/cc and a Curie temper- 
ature Tc2 of 250^C. 

The energy calculation was performed with respect to this medium as in the foregoing experimental ex- 
20 amples, and Ewb-Eleak-Est-Ec1=1 x 10^ erg/cc was obtained. Accordingly, the calculation result showed for- 
mation of the rear mask. 

After recording a magnetic domain of a 0.78^m mark length in the magneto-optical recording medium, the 
magnetic domain was observed by a polarizing microscope under irradiation of a semiconductor laser beam 
of 830nm. While increasing the laser power, it was confirmed that the recorded magnetic domain was con- 

25 tracted and the magnetization was oriented in an erasing direction at the center (high-temperature region) of 
the light spot at a certain laser power. 

Subsequently, the recording/reproduction characteristic was measured using this magneto-optical record- 
ing medium. The measurement was performed by setting N.A. of an objective lens to be 0.53, a laser beam 
wavelength to be780nm (using an optical head), a linear velocity to be 9m/s and a recording power to be 10mW. 

30 First, erasing was performed entirely on the medium, and thereafter, a mark of 0.40|xm length was recorded 
by modulating a laser beam at a frequency of 1 1 .3MHz. Subsequently, a variation of C/N ratios were measured 
by changing a reproducing power from O.BmW to 4.4mW. The results are shown in Fig. 21. 

In the magneto-optical recording medium of the present invention, since a temperature of the medium does 
not increase sufficiently while the reproducing power is 1 .OmWor less, magnetization of the reproduction layer 

35 is oriented substantially in a film plane. Accordingly, since the mark recorded in the memory layer is masked 
by the reproduction layer, substantially no C/N ratio is obtained. On the other hand, when the reproducing power 
Is increased to about 2.0mW to 2.8mW, a mediunvtemperature region, that is, an aperture region, is formed 
within the reproducing spot to transfer the magnetic domain of the memory layer to the reproduction layer so 
that the C/N ratio is increased. A configuration of the aperture region at this time is substantially the same as 

40 in the super resolution of the conventional two-layered structure using the in-plane film. Accordingly, although 
the super-resolution phenomenon Is generated, since size and location of the aperture region is not optimum, 
only about 36dB can be obtained as a C/N ratio. When the reproducing power is further Increased to 3.2mW 
to 4.0mW, a portion appears within the spot where the intermediate layer reaches the Curie temperature, that 
is, a rear mask is fomied. Then, as shown in Fig. 5 A, the aperture configuration becomes optimum relative to 

45 the spot so that a C/N ratio of 45dB is obtained. On the other hand, when the reproducing power exceeds 
4.0mW. the highest temperature exceeds the Curie temperature of the memory layer so that the recorded data 
are damaged to reduce the C/N ratio. 

Next, amplitudes and DC levels of the reproduced signal were measured for further supporting the forma- 
tion of the rear mask in the magneto-optical recording medium of the present invention. In case of the recorded 

50 mark length being 0.4nm, when the roproducing power exceeds 3mW, a carrier level is rapidly Increased so 
that the formation of the rear mask can be confirmed. 

The amplitudes and DC levels were obtained from the reproduced signal for the O.S^m marks recorded 
In the same medium. The DC level takes a positive sign at an erasing side. In case of the conventional optical 
disc, an aperture configuration does not change even when the reproducing power is changed. Accordingly, 

55 when the reproducing power is within a range which does not cause the memory layer to reach the Curie tem- 
perature, a relationship between the amplitude of the reproduced signal and the reproducing power forms a 
straight line passing the origin. Further, the mark is not recorded over the full width of the spot light so that 
erased-state portions remain at both sides of the mark. Accordingly, even when the marks are recorded with 
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a duty cycle of 50%, the DC level of the reproduced signal does not become 0, but offsets to the erasing side. 
Thus, each of relationships of both the amplitude and the DC level relative to the reproducing power forms a 
straight line with a positive slope passing through the origin. Alternatively, when reduction in the Kerr rotation 
angles of the reproduction layer due to the power Increase is at a level which can not be Ignored, a curve is 

5 formed which is slightly convex upward depending on such a level. On the other hand, in case of the super- 
resolution disc of the present invention, a straight line does not pass the origin, and further. Its slope Is changed 
around the reproducing power of 3mW. This is considered as follows: 

When the reproducing power is 0.5mW or less, even the highest-temperature portion does not reach a 
temperature where the reproduction layer transits from an in-plane magnetization film to a perpendicular mag- 
ic netization film. Accordingly, the magnetization of the reproduction layer is in plane, that is, masked, in all the 
regions within the spot. Thus, the amplitude and the DC level are both 0. On the other hand, when the repro- 
ducing power exceeds 0.5mW, a part of the reproduction layer within the spot becomes a perpendicular mag- 
netization film. When the power is further increased, since the aperture region expands, both the amplitude 
and the DC level are rapidly increased with a slope exceeding a proportbnal relationship with the reproducing 

15 power. However, when the reproducing power exceeds 3mW, the rear mask starts to be formed within the spot 
so that a direction of the magnetization aligns In the erasing direction in the rear-masked portion. This portion 
worked for the signal reproduction before appearance of the rear mask, but does not work for the signal re- 
production as being masked in the erasing direction when the rear mask appears. Accordingly, across the re- 
producing power of 3mW. the DC level is rapidly Increased in the erasing direction, while the amplitude of the 

20 reproduced signal is reduced. From the foregoing results, the behavior of the rear mask in the super-resolution 
disc of the present invention has been supported. 

Further, In order to confirm that the super-resolution effect of the present invention is generated without 
applying the reproducing magnetic field from the external, the results of examination about dependency upon 
the reproducing magnetic field are shown in Fig. 22. Fig. 22 was obtained in the following manner. After the 

25 0.4mm marks were recorded on the disc as in the foregoing manner, the reproducing magnetic field was 
changed while performing the signal reproduction with the reproducing power of 3.2mW. and a variation of C/N 
ratios at that time was plotted. As clear from this figure, the C/N ratio of 45dB was stably obtained in a range | 
of the reproducing magnetic field ± 200 Oe. 

Subsequently, crosstalk with the adjacent track (hereinafter referred to as "crosstalk") was measured. 

30 First, erasing was performed entirely on the lands and the grooves, and thereafter, a signal of a 0.78^m mark 

length was recorded on the land as in the foregoing manner so as to measure a earner level CL. Subsequently, . g 

a carrier level CG upon tracking the adjacent groove was measured. The crosstalk was represented by a ratio 
CL/CG. Sincethe experiment was performed on the assumption that data were recorded on both the land and 
groove, an effective track pitch was O.S^um. The results are shown in Fig. 23. As clear from the figure, the 

35 crosstalk was suppressed to about -28dB in a range of the reproducing power of 3.2mW to 4.0mW. which range 
was optimum for the mediu/^7. 

Although not shown in Fig. 23, the crosstalk measurement was perfomned in the same manner with respect 
to the medium of Experimental Example 13, wherein the crosstalk values in a range between -32dB and -35dB 
were obtained relative to a range of the reproducing power of 2.5mW to 4.0mW. 

40 The foregoing data were all obtained without applying the initializing magnetic field, and the excellent re- 

sults were obtained for the marks recorded at high density using an information recording/reproduction device 
like the conventional information recording/reproduction device. 

Next, experiments were performed with respect to the conventionally known medium structure in the same 
manner as before and comparison was made with the medium of the present invention. 

45 

(Comparative Example 7) 

Using the same apparatus and method as in Experimental Example 15. an SIN interference layer of 900A 
thickness, a Tb2o(Fe8oCo2o)ao memory layer of 800A thickness and an SiN protective layer of 700A thickness 

50 were fonned on a polycarbonate substrate in the order named. In other words, a single layer disc having, as 
a magnetic layer, only the memory layer used in Experimental Example 15 was prepared. First, the marks of 
various sizes were recorded on the medium, and C/N ratios were measured as in Experimental Example 15. 
The reproducing power was set to be in a range from 2.0mW to 3.8mW so as to obtain the highest C/N ratio. 
As a result, although the sufficiently high C/N ratio was obtained when the mark length was large. I.e. 0.78nm. 

55 the resolution was rapidly reduced when the mark length was short, i.e. close to a cut-off frequency of the opt- 
ical system, so that the C/N ratio of only 26dB was obtained when the mark length was 0.40|im. 

Further, in the measurement of the crosstalk, since the effective track pitch of O.S^xm was nan-ow relative 
to the reproducing spot, and further, no mask effect was provided in case of the single layer disc, the crosstalk 
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of only about -22dB was obtained as shown in Fig. 23. 
(Comparative Example 8) 

5 Using the same apparatus and method as in Experimental Example 1 5, an SIN interference layer of 900A 

thickness, a Gd28(Fe6oCo4o)72 reproduction layer of 700A thickness, a Tb2o(FeeoCo2o)ao memory layer of 300A 
thickness and an SIN protective layer of 700A thickness were formed on a polycarbonate substrate In the order 
named, thus obtaining the medium of Comparative Example 8. 

First, the marks of 0.40pm mark length were recorded on the medium, and reproducing power dependent 

10 cies of carrier and noise were measured. Since even the medium of this comparative example provides the 
super-resolution effect by using an in-plane magnetization film at low temperatures, a carrier level was in- 
creased, as in the medium of the present invention in Experimental Example 15, in a range of the reproducing 
power between 0.8mW and 2.8mW. However, In the two-layered super- resolution medium of this comparative 
example, since a rear mask does not appear even when the reproducing power is increased to 3mW or more, 

15 the rapid carrier increase as in the medium of the present Invention in Experimental Example 15 was not ob- 
served. In the medium of this comparative example, the C/N ratio of only 37dB was obtained at maximum in 
case of the mark length being 0.40^m. 

Next, the marks of various sizes were recorded on the medium of this comparative example, and the spatial 
frequency characteristic was measured. The results were such that, although the resolution was Increased at 

20 high-frequency regions as compared with the single layer disc, since no rear mask effect was provided and a 
positional relationship between the aperture region and the spot was not optimum, the resolution was inferior 
as compared with the disc of Experimental Example 15. 

Further, with regard to the crosstalk, the crosstalk of about -30dB equivalent to that of the medium of the 
present invention In Experimental Example 15, was obtained. However, In a range of the reproducing power 

25 between 2.0mW and 4.0mW, the crosstalk in this comparative example was deteriorated by about 2dB to 3dB 
as compared with the medium of the present invention in Experimental Example 13. 
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(Second Embodiment) 

When a magnetic layer showing an in-plane magnetic anisotropy at room temperature is used as the re- 
production layer in the medium of the first embodiment, a magneto-optical recording medium should be de- 
signed in consideration of not only the optical effect but also the magnetic behavior of each of the magnetic 
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layers at room temperature and a reproducing temperature, for obtaining the excellent mask effect. 

In the second embodiment, the medium, which has been considered in that aspect, will be described. 

Hereinbelow, a magneto-optical recording medium according to the second preferred embodiment of the 
present invention and an information reproducing method using the medium wilt be described in detail here- 
5 Inbelow with reference to the accompanying drawings. 

The magneto-optical recording medium of the present invention has at least three magnetic layers, that 
is, a first magnetic layer being a perpendicular magnetization film, a third magnetic layer having a Curie tem- 
perature lower than those of the first magnetic layer and a second magnetic layer, and the second magnetic 
layer being a perpendicular magnetization film (Fig. 24). Hereinbelow. the first magnetic layer will be referred 
10 to as a reproduction layer, the second magnetic layer as a memory layer and the third magnetic layer as an 
intermediate layer. 

The memory layer 113 is a layer for storing recorded Information and thus is required to stably hold the 
magnetic domains. As a material of the memory layer, a material which has a large perpendicular magnetic 
anisotropy and can stably hold a magnetization state, for example, a rare earth-iron family amorphous alloy, 
15 such as, TbFeCo. DyFeCo, TbDyFeCo or the like, garnet, a platinum family-iron family periodic structure film, 
such as, Pt/Co. Pd/Co or the like, or a platinum family-iron family alloy, such as, PtCo. PdCo or the like is pre- 
ferable. 

It is necessary that a film thickness of the memory layer 1 1 3 is 1 0nm or greater for stably holding the mag- 
netic domains. Practically, the total film thickness of the three magnetic layers, i.e. the memory layer 113. the 

20 reproduction layer 111 and the intenmediate layer 112, is preferably smaller for reducing the recording power, 
and thus the film thickness of the memory layer is preferably 50nm or less. 

The reproduction layer 111 Is a layer for reproducing magnetization information held in the memory layer 
113. The reproduction layer 111 has a magnetization characteristic such that it is an in-plane magnetization 
film at room temperature and becomes a perpendicular magnetization film at a given temperature or higher 

25 between room temperature and its Curie temperature. The reproduction layer 111 is located closer to a light 
incident side as compared with the intermediate layer 1 12 and the memory layer 113, and its Curie temperature 
is set to be higher than at least those of the intermediate layer 112 and the memory layer 113 for preventing 
deterioration of a Kerr rotation angle upon reproduction. 

As a material of the reproduction layer 111 , a rare earth-iron family amorphous alloy, for example, a material 

30 mainly containing GdFeCo, is preferable. Tb. Dy or the like may be added. Further, rare earth light metal, such 
as. Nd, Pr. Sm or the like may be added for preventing deterioration of the Kerr rotation angle at shorter wa- 
velength. Preferably, the reproduction layer has a small magnetic anisotropy, and a compensation temperature 
between room temperature and the Curie temperature. This compensation temperature is set to be near a Cur- 
ie temperature of the intermediate layer 112. specifically, in a range of to 100°C relative to the Curie 

35 temperature of the intermediate layer 112, and preferably, in a range of -20*'C to +80*»C relative to the Curie 
temperature of the intenmediate layer 112, which will be described later 

In the magneto-optical recording medium of the present invention, a film thickness of the reproduction layer 

111 is selected to be 20nm or greater. In the magneto-optical recording medium of the present invention, since 
the memory layer 13 shows a perpendicular magnetic anisotropy at room temperature and each of the repro- 

40 duction layer 111 and the intermediate layer 112 shows an in-plane magnetic anisotropy at room temperature, 
an interface magnetic wall is formed between the memory layer 113 and the reproduction and intennnediate 
layers 111 and 112. Since a material having a large perpendicular magnetic anisotropy is used for the memory 
layer 113, most of the interface magnetic wall is formed at a side of the intermediate and reproduction layers 

112 and 111. Accordingly, even if the composition is the same, when the reproduction layer 111 is thin, the 
45 magnetic wall permeates through the intermediate layer 112 to extend to a surface of the reproduction layer 

111 at the light incident side at room temperature, as shown in Fig. 25A. Thus, the mask effect becomes in- 
sufficient to reduce a C/N ratio. In view of this, the film thickness of the reproduction layer 111 is required to 
be 20nm or greater. 

To the contrary, when the reproduction layer 111 is too thick, as shown In Fig. 25B, since the exchange- 
50 coupling force of the memory layer 11 3 does not reach the light incident side surface of the reproduction layer 
111 , the magnetization is not oriented in a perpendicular direction even at a temperature caused by the repro- 
ducing power so that a level of a reproduced signal is reduced. In view of this, the film thickness of the repro- 
duction layer 111 is required to be 100nm or less. 

Further, the film thickness of the reproduction layer 111 influences a temperature distribution of the me- 
55 dium and a mask effect at a low-temperature region. Crosstalk with the adjacent track also changes depending 
on the film thickness. Preferably, the film thickness of the reproduction layer 11 1 is selected to be no less than 
25nm and no more than 50nm so that the medium becomes effective for narrowing the track pitch. 

The intermediate layer 112 is provided mainly for partly mediating and partly cutting off the exchange-cou- 
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pling force from the memory layer 113 to the reproduction layer 111. The intermediate layer 112 has a mag- 
netization characteristic such that it Is an in-plane magnetic film at room temperature and becomes a perpen- 
dicular magnetization film at a given temperature or higher between room temperature and Its Curie temper- 
ature. The intermediate layer 112 is located between the reproduction layer 111 and the memory layer 113 and 

5 has a Curie temperature which is set to be higher than room temperature and lower than those of the repro- 
duction layer 111 and the memory layer 113. The Curie temperature of the intermediate layer 112 is set to be 
high enough to mediate the exchange-coupling force from the memory layer 11 3 to the reproduction layer 111 
at a low-temperature portion and a medium-temperature portion within the light spot, but low enough to cut 
off the exchange- coupling force at a highest-temperature portion within the light spot, and thus preferably. 

10 100°C or higher and 220**C or lower, and more preferably, 120°C or higher and 180°C or lower. As a material 
of the intermediate layer 112, for example, a rare earth-iron family amorphous alloy, such as, GdFeCo, GdCo, 
GdTbFeCo, GdDyFeCo, TbFeCo, DyFeCo, TbDyFeCo or the like is preferable. Anon-magnetic element, such 
as, Cr, Al, Si, Cu or the like may be added for lowering the Curie temperature. 

In the magneto-optical recording medium of the present invention, a film thickness of the intenmediate layer 

15 112 is selected to be no less than 3nm and no more than 30nm. When the film thickness of the intemiediate 
layer 112 is smaller than 3nm, the stability of the magnetic characteristic of the magnetic film is deteriorated 
or the intrinsic magnetic characteristic can not be achieved due to manufacturing disuntfomnity. Further, there 
Is a problem that, even when the intermediate layer reaches the Curie temperature with a pin hole being gen- 
erated, the exchange coupling between the reproduction layer 111 and the memory layer 113 is not cut off. 

20 Further, when the film thickness of the intermediate layer 112 is small, as shown in Fig. 26A, of the magnetic 

wail formed in the intermediate layer 112 and the reproduction layer 111 at room temperature, a rate is increased 
which permeates the reproduction layer 111 so that the mask effect at the reproduction layer 111 becomes 
incomplete. In view of this, the film thickness of the intermediate layer 112 should be selected to be 3nm or 
greater. 

25 On the other hand, since a saturation magnetization Ms of the intermediate layer 11 2 is greater than that 

of the reproduction layer 111, when the film thickness of the intermediate layer 112 is large, as shown In Fig. 
26B. the intermediate layer 112 can not mediate the exchange-coupling force from the memory layer 113 to 
the reproduction layer 11 1 at a medium-temperature portion so that transfer of the magnetization to the repro- 
duction layer 111 becomes incomplete even at a temperature caused by the reproducing power. Thus, a level 

30 of the reproduced signal is reduced. In view of this, the film thickness of the intermediate layer 112 is required 
to be 30nm or less. 

The film thickness of the intermediate layer 112 influences the mask condition at a low-temperature region, 
that Is, a temperature region where the reproduction layer 111 has the In-plane anisotropy, and thus also In- 
fluences the crosstalk with the adjacent track. Preferably, the film thickness of the intermediate layer 112 is 
35 selected to be no less than 5nm and no more than 20nm so that the medium becomes effective for narrowing 

the track pitch. 

An element, such as, Al, Ti, Pt, Nb, Cr or the like may be added to the reproduction layer 111, the inter- 
mediate layer 112 and the memory layer 113 for improving their corrosbn resistances. For enhancing the in- 
terference effect and the protective perfonmance, a dielectric layer formed of SINx, AIO^, TaO^, SiOx or the like 

40 may be provided in addition to the foregoing reproduction, intermediate and memory layers. Further, for im- 
proving thermal conductivity, a layer formed of Al, AITa, AITi, TlCr, C:i or the like and having good thermal con- 
ductivity may be provided. Further, an initialization layer in which magnetization is aligned in one direction for 
performing the optical modulation overwrite may be provided. Further, auxiliary layers for recording assistance 
and reproducing assistance may be provided to adjust the exchange-coupling force or the magnetostatic cou- 

45 p] 1 ng force. Moreover, a protective coat formed of the foregoing dielectric layer or a polymer resin may be added 
as a protective film. 

Since the recording and reproduction of the data signal relative to the medium in the second embodiment 
is the same as in the first embodiment, explanation thereof will be omitted for brevity. 

50 (Experimental Example 15) 

Si, Gd, Tb, Fe and Co targets were attached to a DC magnetron sputtering apparatus, and a glass sub- 
strate having a diameter of 130mm and a polycarbonate substrate with lands and grooves were fixed to a sub- 
strate holder which was set at a position separated from the respective targets by a distance of 1 50mm. There- 
55 after, the interior of the chamber was evacuated by a cryopump to a high vacuum of 1 x 10-^ Pa or less. During 
the evacuation, Argas was introduced into the chamber to 0.4Pa, and thereafter, an SiN interference layer of 
90nm thickness, a GdFeCo reproduction layer of 20nm thickness, a GdFe intermediate layer of lOnm thickness, 
a TbFeCo memory layer of 30nm thickness and an SiN protective layer of 70nm thickness were formed in the 
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order named, thus obtaining the medium with a structure shown in Fig. 24. Upon formation of each SIN dielec- 
tric layer, N2 gas was introduced in addition to the Ar gas, and the SiN layer was formed by DC reactive sput- 
tering, adjusting a mixing ratio of the Ar and N2 gases, so as to obtain a refractive index of 2.1 . 

The composition of the GdFeCo reproduction layer was Gd28(Fe6oCo4o)72 and represented RE rich at room 
5 temperature, a saturation magnetization Ms of 222emu/cc, a compensation temperature of 21 5*C and a Curie 
temperature of 300*^0 or more. 

The composition of the GdFe intermediate layer was Gd4oFe6o and represented TM rich at room temper- 
ature, a saturation magnetization Ms of 420emu/cc and a Curie temperature of 190°C. 

The composition of the TbFeCo memory layer was Tb2o(Fe8oCo2o)8o and represented TM rich at room tem- 
10 perature, a saturation magnetization Ms of 200emu/cc and a Curie temperature of 270**C. 

The recording/reproduction characteristic was measured using this magneto-optical recording medium. 
The measurement was performed by setting N,A. of an objective lens to be 0.55, a laser beam wavelength to 
be 780nm, a recording power to be in a range of 7 to 15mW and a reproducing power to be in a range of 2.5 
to 4.0mW, so as to provide the highest C/N ratio. A linear velocity was set to be 9m/s. First, erasing was por- 
ts formed entirely on the medium, and thereafter, a carrier signal of 11.3MHz (corresponding to a mark length 
0.40nm) was recorded in the memory layer so as to examine the C/N ratios. 

Subsequently, crosstalk with the adjacent track (hereinafter referred to as "crosstalk") was measured. The 
measurement was performed by setting N.A. of an objective lens to be 0.55. a laser beam wavelength to be 
780nm. a recording power to be in a range of 7 to 15mW and a linear velocity to be 9m/s. First, erasing was 
20 performed entirely on the lands and the grooves of the medium, and thereafter, a carrier signal of 5.8MHz (cor- 
responding to a mark length 0.78^m) was recorded on the memory layer so as to measure a carrier CL. Sub- 
sequently, a carrier CG upon tracking the adjacent groove was measured. The crosstalk was represented by 
a difference CL-CG. Since the experiment was perfonmed on the assumption that data were recorded on both 
the land and groove, an effective track pitch was 0.8jim. The measurement results of the C/N ratios under the 
25 optimum condition and the crosstalks at the same reproducing power are shown In Table 4. 

(Experimental Examples 16 to 22) 

The magneto-optical recording mediums were prepared with the same structure and materials as those 
30 in Experimental Example 1 5 except for the film thickness of the reproduction layer as the first magnetic layer. 
The film thicknesses of the respective reproduction layers In Experimental Examples 16 to 22 are shown in 
Table 4. The C/N ratios under the optimum condition and the crosstalks at the same reproducing power were 
measured in the same manner as in Experimental Example 15. The measurement results are shown in Table 
4. 

35 

(Comparative Examples 7 to 9) 

As shown in Table 5, the magneto-optical recording mediums were prepared with the same structure and 
materials as those in Experimental Example 15 except for the film thickness of the reproduction layer as the 

40 first magnetic layer A signal corresponding to the mark length OApivn was recorded, and the C/N ratios were 
measured. The measurement results are shown In Table 5. 

Fig. 27 is a graph showing the measurement results of Experimental Examples 15 to 22 and Comparative 
Examples 7 to 9 in terms of the C/N ratios relative to the film thicknesses of the reproduction layer. A C/N ratio 
Of 43dB or more was obtained in a range of the film thickness of the reproduction layer no less than 20nm and 

45 no more than 100nm. Further, the crosstalk was suppressed to -30dB or less in a range of the film thickness 
of the reproduction layer no less than 25nm and no more than 50nm. Accordingly, by using the present inven- 
tion, the C/N ratio sufficiently high for the excellent information reproduction was obtained. Further, by select- 
ing the film thickness of the reproduction layer to be no less than 25nm and no more than 50nm. the track 
density can be improved in addition to the line recording density. 

50 

(Experimental Examples 23 to 30) 

Using the same apparatus and method as in Experimental Example 1 5, an SiN interference layer of 90nm 
thickness, a GdFeCo reproduction layer of 40nm thickness, a GdFe intermediate layer, a TbFeCo memory layer 
55 of 30nm thickness and an SiN protective layer of 70nm thickness were formed in the order named, thus ob- 
taining the medium with a structure shown in Fig. 24. The film thicknesses of the respective intermediate layers 
in Experimental Examples 23 to 30 are shown in Table 6. With regard to these mediums of the present invention, 
a earner signal of 11.3MHz (corresponding to a mark length 0.40^m) was recorded, and the C/N ratios were 

35 



BNSOOCID: <EP _06B6970A2 I > 



EP0 686 970 A2 

measured, in the same manner as in Experimental Example 15. The measurement results are shown In Table 
6. A C/N ratio of 40dB or more was obtained in a range of the film thickness of the intermediate layer no less 
than 3nm and no more than 30nm. Accordingly, the excellent Information reproduction can be expected. 
The crosstallc was suppressed to -30dB or less in a range of the film thickness of the intermediate layer 
5 no less than 5nm and no more than 20nm. This shows that optimization of the film thickness of the intermediate 
layer is also effective for narrowing the track pitch. 

(Comparative Examples 10, 11) 

10 Using the same apparatus and method as In Experimental Examples 23 to 30, the magneto-optical re- 

cording mediums were prepared with the same structure and materials as those in Experimental Examples 
23 to 30 except for the film thickness of the intermediate layer. The film thicknesses of the respective inter- 
mediate layers are shown in Table 7. The C/N ratios and crosstalks were measured in the same manner as in 
Experimental Examples 23 to 30. The measurement results are shown in Table 7. 

15 Fig. 29 is a graph showing the measurement results of Experimental Examples 23 to 30 and Comparative 

Examples 10 and 11 In terms of the C/N ratios relative to the film thicknesses of the intermediate layer, and 
Fig. 30 is a graph showing the measurement results of Experimental Examples 23*^30 and Comparative Ex- 
amples 10 and 11 in terms of the crosstalks relative to the film thicknesses of the intermediate layer. A C/N 
ratio of 40dB or more was obtained in a range of the film thickness of the intermediate layer no less than 3nm 

20 and no more than 30nm. Further, a C/N ratio reaches 43dB in a range of no less than 6nm and no more than 
30nm. For Improving not only the line recording density but also the track density, the film thickness of the 
intermediate layer is preferably selected to be no less than 5nm and no more than 20nm where the crosstalk 
is suppressed to -30dB. 

25 Table 4 







Film Thickness of 
Reproduction Layer 
(nm) 


Recording Power (mW) 


C/N (dB) 


Crosstalk (dB) 


30 


Experimental Example 
15 


20 


11 


43,2 


-26.3 




Experimental Example 
16 


25 


11.5 


45.5 


-30.4 


35 


Experimental. Example 


30 


ri.5 


45.7 


-31.1 


40 


Experimental Example 
18 


40 


12 


45.8 


-32.2 


Experimental Example 
19 


50 


12 


45.4 


-30.7 


45 


Experimental Example 
20 


. 60 


12.5 


44.6 


-28.5 




Experimental Example 
21 


80 


13 


44 


-27.6 


50 


Experimental Example 
22 


100 


14 


43.2 


-25 



55 
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Table 5 



5 




Film Thickness of 
(nm) 


Rpfinrdinn Power (mW^ 


C/N (6B) 


Crosstalk (dB) 




Experimental Example 
7 


10 


11 


34.5 


-22.5 


10 


Experimental Example 
8 


15 


11 


35.5 


-23 




Experimental Example 
9 


120 


15 


40 


-23.4 


15 






Table 6 






20 




Film Thickness of 
Intermfidiatp Lavf^r 
(nm) 


Recordinn Power (m\N\ 


C/N (dB) 


Crosstalk (dB) 




txponinoniai cxairtpie 
23 


3 


12 


40.5 


-22.9 


25 


cxpenmeniai cxampic 
24 


4 


12 


42 


-25.6 




Experimental Example 
25 


5 


12 


43.6 


-30.6 


30 


txpen menial nxampie 
26 


7 


12 


45.5 


-31.1 




txpen mental txampie 
27 


10 


12 


45.8 


-32.2 


35 


Experimental Example 

28 


15 


12 


ACT 

45.7 


-ol.o 




Experimental Example 
29 


20 


12.5 


44 


-30.5 


40 


Experimental Example 
30 


30 


12.5 


43 


-27.3 


45 






Table 7 








Film Thickness of 
Intermediate Layer 
(nm) 


Recording Power (mW) 


C/N (dB) 


Crosstalk (dB) 


50 


Comparative Example 
10 


2 


12 


37.5 


-22.2 




Comparative Example 
11 


40 


13 


35 


-21 



55 
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(Third Embodiment) 

In a third embodiment, the optimum compositions of the reproduction layer and the intenmediate layer for 
obtaining the excellent mask effect will be described, wherein a magnetic layer showing an in-plane magnetic 
5 anisotropy at room temperature is used as the reproduction layer In the medium of the first embodiment 

Hereinbetow, the third embodiment of the present invention will be described in detail with reference to 
the drawings. 

Fig. 31 shows a sectional view of an optical disc in the third embodiment. As shown in Fig. 31 , in the optical 
disc used in this embodiment, an interference layer 214, a first magnetic layer (hereinafter referred to as Ve- 
to pnDduction layer") 211, a third magnetic layer (hereinafter referred to as "intermediate layer") 212, a second 
magnetic layer (hereinafter referred to as "memory layer") 213 and a protective layer 215 are laminated on a 
substrate 220 in the order named. The substrate 220 is normally formed of a transparent material, such as, 
glass or polycarbonate. 

Each of these layers can be formed by continuous sputtering or continuous deposition using the DC mag- 
15 netron sputtering apparatus. 

The Interference layer 214 is provided for enhancing the magneto-optical effect and formed of, for example, 
a transparent dielectric material, such as, Si3N4, AIN, Si02, SiO, ZnS. MgF2 or the like. 

The protective layer 215 is used for protecting the magnetic layers and formed of a material like that of 
the interference layer 214. 

20 The Interference layer 214 and the protective layer 21 5 have noth ing to do with the essence of the present 

invention, and thus can be omitted. Accordingly, no detailed explanation thereof will be given hereinbelow. Al- 
though not shown in Fig. 31, the protective layer 215 may be applied with a hard-coating material, such as, an 
ultraviolet-setting resin for protecting the films or using a magnetic-field modulation overwrite magnetic head. 
The reproduction layer 211 is a layer for reproducing magnetization Information held in the memory layer 

25 213. The reproduction layer 211 has a magnetization characteristic such that it Is an in-plane magnetization 
film at room temperature and becomes a perpendicular magnetization film at a given temperature or higher 
between room temperature and its Curie temperature. The reproduction layer 211 Is located closer to a light 
incident side as compared with the intermediate layer 21 2 and the memory layer 21 3, and its Curie temperature 
is set to be higher than at least those of the intermediate layer 212 and the memory layer 213 for preventing 

30 deterioration of a Kerr rotation angle upon reproduction. 

As a material of the reproduction layer 211. a rare earth-iron family amorphous alloy having a small per- 
pendicular magnetic anisotropy, particularly, GdFeCo, is preferable. Rare earth light metal, such as, Nd, Pr, 
Sm or the like may be added for increasing the Kerr rotation angle at shorter wavelength. Preferably, the re- 
production layer has a compensation temperature between room temperature and the Curie temperature. This 

35 compensation temperature is set to be near a Curie temperature of the intermediate layer 21 2, specifically, in 
a range of -50°C to +100**C relative to the Curie temperature of tl- ' intermediate layer 212, and preferably, in 
a range of -20**C to +80**C relative to the Curie temperature of the intermediate layer 212, which will be de- 
scribed later. Further, a composition range is set to Gdx(Feioo.yCOy)ioo-x. wherein 24^x^32 (atomic %) and 
20^y^50 (atomic %). 

40 The Intermediate layer 212 is provided for the following three purposes: 

(1) The intermediate layer 212, around room temperature, moderates the magnetic wall energy between 
the reproduction layer 211 and the memory layer 213 and helps the reproduction layer 211 to be an in- 
plane magnetization film. This results in contributing to reduction in film thickness of the reproduction layer. 

(2) When reaching a given temperature or higher, the intermediate layer 212. along with the reproduction 
45 layer 211 » transits to a perpendicular magnetization film to mediate the exchange coupling from the mem- 
ory layer 213 to the reproduction layer 211 . 

(3) At the Curie temperature or higher of the intermediate layer 21 2, the intermediate layer 212 cut off the 
exchange coupling between the reproduction layer 211 and the memory layer 213. 

In order to achieve these purposes, the intermediate layer 212 is located between the reproduction layer 
50 211 and the memory layer 213 and has a Curie temperature which is set to be higher than room temperature 
and lower than those of the reproduction layer 211 and the memory layer 213. The Curie temperature of the 
Intermediate layer 212 is set to be high enough to mediate the exchange-coupling force from the memory layer 
213 to the reproduction layer 211 at a medium-temperature portion within the light spot, but low enough to cut 
off the exchange-coupling force at a highest-temperature portion within the light spot, and thus preferably, 
55 lOO^'C or higher and 220°C or lower, and more preferably, 120''C or higher and 180^C or lower. As a material 
of the intermediate layer 212, for example, a rare earth-iron family amorphous alloy, particularly, GdFeCo. is 
preferable. A non-magnetic element, such as, Cr, Al, Si, Cu or the like may be added for lowering the Curie 
temperature. Further, a composition range is set to Gdp(Feioo-qCOq)ioo-p. wherein 25^p^50 (atomic %) and 
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0^q^20 (atomic %). 

The memory layer 213 is a layer for storing recorded Information and thus Is required to stably hold the 
very small magnetic domain of no more than 1|am. As a material of the memory layer 213, a material which 
has a large perpendicular magnetic anisotropy and can stably hold a magnetization state, for example, a rare 

5 earth-iron family amorphous alloy, such as, TbFeCo, Dy FeCo, TbDyFeCo or the like, garnet, a platinum family- 
iron family periodic structure film, such as, Pt/Co, Pd/Ck) or the like, or a platinum family-iron family alloy, such 
as, PtCo, PdCo or the like is preferable. 

An element, such as. Al. Ti, Pt, Nb, Cr or the like may be added to the reproduction layer 211, the inter- 
mediate layer 212 and the memory layer 213 for improving their corrosion resistances. Further, for improving 

10 thermal conductivity, a layer formed of Al, AlTa, AITi, TICr, Cu or the like and having good thermal conductivity 
may be provided. Further, an initialization layer in which magnetization Is aligned in one direction for performing 
the optical modulation overwrite may be provided. Further, auxiliary layers for recording assistance and re- 
producing assistance may be provided to adjust the exchange-coupling force or the magnetostatic coupling 
force. 

15 Since the recording and reproduction of the data signal relative to the medium in the third embodiment Is 

the same as in the first embodiment, explanation thereof will be omitted for brevity. 

The third embodiment of the present invention will be described in further detail by way of experimental 
examples. However, the present Invention is not limited to these experimental examples. 

20 (Experimental Example 31) 

Si, Gd, Tb, Fe and Co targets were attached to a DC magnetron sputtering apparatus, and a glass sub- 
strate having a diameter of 130mm and a polycarbonate substrate with lands and grooves at a pitch of 1.6fim 
were fixed to a substrate holder which was set at a position separated from the respective targets by a distance 

25 of 150mm. Thereafter, the interior of the chamber was evacuated by a cryopump to a high vacuum of 1 x 
10-* Pa or less. During the evacuation, Ar gas was introduced into the chamber to 0.4Pa, and thereafter, an 
SiN interference layer of 90nm thickness, a Gd28(Fe6oCo4o)72 reproduction layer of 40nm thickness, a Gd^jfe^^ 
intermediate layer of 1 0nm thickness, a Tb2o(Fe8oCo2o)8o niemory layer of 30nm thickness and an SiN protective 
layer of 70nm thickness were formed in the order named, thus obtaining the medium with a structure shown 

30 in Fig. 31. Upon formation of each SiN dielectric layer, N2 gas was introduced in addition to the Ar gas, and 
the SiN layer was formed by DC reactive sputtering, adjusting a mixing ratio of the Ar and N2 gases, so as to 
obtain a refractive Index of 2.1 . The Gd28(Fe6oCo4o)72 reproduction layer was rare earth element sublattlce mag- 
netization dominant at room temperature, and was set to represent a saturation magnetization Ms of 
225emu/cc. a compensation temperature of 217**C and a Curie temperature of SOO'^C or more. 

35 The Gd37Fe63 intermediate layer was rare earth element sublattice magnetization dominant at room tem- 

perature, and was set to represent a saturation magnetization Ms of 4706mu/cc and a Curie temperature of 
190°C. 

The Tb2o(Fe8oCo2o)8o memory layer was iron family element lattice magnetization dominant, and was set 
to represent a saturation magnetization Ms of 250emu/cc and a Curie temperature of 270*'C. 

40 After recording a magnetic domain of a 0.78nm mark length in the magneto-optical recording medium, the 

magnetic domain was observed by a polarizing microscope under in-adiation of a semiconductor laser beam 
of 830nm. While increasing the laser power, it was confirmed that the recorded magnetic domain was con- 
tracted and the magnetization was oriented in an erasing direction at the center (high-temperature region) of 
the light spot at a certain laser power. 

45 Subsequently, the recording/reproduction characteristic was measured using this magneto-optical record- 

ing medium. The measurement was performed by setting N.A. of an objective lens to be 0.53, a laser beam 
wavelength to be 780nm (using an optical head), a linear velocity to be 9m/s and a recording power to be 1 0mW. 
First, erasing was performed entirely on the medium, and thereafter, a mark of 0,40^m length was recorded 
by modulating a laser beam at a frequency of 1 1 .3MHz. Subsequently, a variation of C/N ratios were measured 

50 by changing a reproducing power from 0.8mW to 4.4mW. The results are shown in Fig. 32. 

In the magneto-optical recording medium of the present invention, since a temperature of the medium does 
not increase sufficiently while the reproducing power is I.OmWor less, magnetization of the reproduction layer 
is oriented substantially in a film plane. Accordingly, since the mark recorded in the memory layer is masked 
by the reproduction layer, substantially no C/N ratio is obtained. On the other hand, when the reproducing power 

55 is increased to about 2.0mW to 2.8mW, a medium-temperature region, that is, an aperture region, is fomned 
within the reproducing spot to transfer the magnetic domain of the memory layer to the reproduction layer so 
that the C/N ratio is increased. A configuration of the aperture region at this time is substantially the same as 
in the super resolution of the conventional two-layered structure using the in-plane film as shown in Fig. 3B. 
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Accordingly, although the super-resolution phenomenon is generated, since size and location of the aperture 
region is not optinnum, only about 36dB can be obtained as a C/N ratio. When the reproducing power is further 
increased to 3.2mW to 4.0mW, a portion appears within the spot where the intermediate layer reaches the Curie 
temperature, that Is, a rear mask is formed. Then, as shown in Fig. 6A, the aperture configuration becomes 

5 optimum relative to the spot so that a C/N ratio of 45dB is obtained. On the other hand, when the reproducing 
power exceeds 4.0mW, the highest temperature exceeds the Curie temperature of the memory layer so that 
the recorded data are damaged to reduce the C/N ratio. 

Subsequently, the mark-length dependency of C/N was examined by changing a laser-beam modulation 
frequency, at the time of recording, between 5.8MHz, 9.0MHz. 11.3MHz and 15MHz (corresponding to mark 

10 lengths 0.78Kim. 0.50^m, 0.40nm and O.SOfim, respectively) with respect to the same medium. The results are 
shown in Fig. 33. As shown in the figure, the excellent spatial frequency characteristic was obtained in the 
recording medium of the present invention. 

Subsequently, crosstalk with the adjacent track (hereinafter referred to as "crosstalk*^ was measured. 
First, erasing was performed entirely on the lands and the grooves, and thereafter, a signal of a 0.78^m mark 

15 length was recorded on the land as in the foregoing manner so as to measure a carrier level CL. Subsequently, 
a carrier level CG upon tracking the adjacent groove was measured. The crosstalk was represented by a ratio 
CL/CG. Since the experiment was performed on the assumption that data were recorded on both the land and 
groove, an effective track pitch was 0.8nm. The results are shown In Fig. 34. As clear from the figure, the cross- 
talk was suppressed to about -28dB in a range of the reproducing power of 3.2mW to 4.0mW, which range was 

20 optimum for the medium. This shows that the present medium is also effective for narrowing the track pitch. 

The foregoing data were all obtained without applying the initializing magnetic field and the reproducing 
magnetic field, and the excellent results were obtained for the marks recorded at high density using an infor- 
mation recording/reproduction device like the conventional Information recording/reproduction device. The 
measurement results of the C/N ratios under the optimum conditton and the crosstalk at the same reproducing 

25 power are shown in Table 8 at Experimental Example 31. 

(Experimental Example 32) 

Using the same apparatus and method as in Experimental Example 31, an SiN interference layer of 90nm 
30 thickness, a Gdx(Fe6oCo4o)ioo- x reproduction layer of 40nm thickness, a GdpFeioo- p intermediate layer of 1 0nm 
thickness, a Tb2o(FeeoCo2o)8o memory layer of 30nm thickness and an SiN protective layer of 70nm thickness 
were fonmed on a polycarbonate substrate in the order named, thus obtaining the medium with a structure 
shown in Fig. 31 . In this experimental example, Gd contents x and p of the reproduction layer and the inter- 
mediate layer, respectively, were changed variously so as to examine a variation of the characteristics relative 
35 to the compositions. 

A relationship between Gd content x (at%) in the reproduction layc ' ..nd C/N when recording the 0.40^m 
marks on the respective samples under the same condition as in Experimental Example 31, is shown in Fig. 
35. For example, when seeing a curve with Gd content p (at%) in the intermediate layer being 30, it is the curve 
which is convex upward and has a maximal value around x=30. This Is considered as follows: When x is small. 
40 a saturation magnetization Ms of the reproduction layer becomes small to cause an in-plane anisotropy of the 
reproduction layer to be reduced. Accordingly, a temperature at which the magnetization aligns in perpendicular 
due to the exchange coupling with the memory layer, is lowered so that the front mask effect is weakened to 
reduce C/N. To the contrary, when x is too large, the front mask effect becomes so strong that the Intermediate 
layer reaches the Curie temperature before the aperture sufficiently opens, thereby also deteriorating C/N. 
45 The front mask effect is determined due to balance between the in-plane anisotropies of the reproduction layer 
and the intermediate layer such that, when the in-plane anisotropy of the reproduction layer is' weakened, the 
In-plane anisotropy of the intermediate layer should be strengthened. Specifically, when Gd content p of the 
intermediate layer is Increased, an optimum value of x is reduced. Accordingly, as shown in Fig. 35. a peak 
position of C/N shifts due to change in p. As will be described later, in the conventional two-layered super- 
50 resolution medium using an in-plane magnetization film, C/N of about 37dB was obtained relative to the mark 
length of 0.40^m. As compared with this, it is seen that the excellent super-resolution effect is achieved by 
the medium of the present invention. For ensuring high reliability of the information reproduction, it is necessary 
that C/N is no less than 43dB. It is preferable that Gd content x (at%) in the reproduction layer is in a range of 
24^x^32 in the super-resolution medium of the present invention. For ensuring the higher reliability, it is pre- 
ss ferable that C/N is about 45dB. Accordingly, it is more preferable that Gd content x is set to be In a range of 
26^x^30. 

Next, the crosstalk was measured for each of the mediums of this experimental example in the same man- 
ner as in Experimental Example 31 . The results are shown in Fig. 36. For example, when seeing a curve with 
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Gd content p (at%) of the Intenmediate layer being 30. it is the curve which is convex downward and has a 
minimal value around x=30. This is caused by the following reason: With respect to the same composition of 
the intemnediate layer, when x is large, an in-plane anisotropy of the reproduction layer is so large that the 
front mask effect becomes too strong. Accordingly, since a carrier level at the land does not increase, a dif- 

5 ference Is not distinct as compared with reproductbn at the groove. To the contrary, when x Is small, the front 
mask effect becomes small so that the reproduction at the groove is liable to be subjected to influence of the 
crosstalk. Accordingly, with regard to the crosstalk, the optimum value also exists at the most-balanced position 
t)etween the in-plane anisotropies of the reproduction and intermediate layers. In consideration of the crosstalk 
being about -22dB obtained in the later-described measurement performed relative to a single-layer TbFeCo 

10 disc, the front mask effect appears in the super-resolution medium of the present invention when x^24. Ac- 
cordingly, the front mask is formed in the foregoing range of Gd content x (at%) derived in view of C/N, thereby 
being also effective to the crosstalk. 

The same data are shown in Figs. 33 and 34 in terms of Gd content p (at%) in the intermediate layer. 
Fig. 37 shows C/N data which are in the form of upward-convex curves like In Fig. 35. This is caused by 

15 the following reason: When Gd content In the intermediate layer is small, the In-plane anisotropy thereof is 
small, and the Curie temperature thereof is Increased. Accordingly, if the reproducing power Is increased until 
the intermediate layer reaches the Curie temperature, the aperture expands within the spot to an extreme ex- 
tent so that the resolution is lowered. To the contrary, when Gd content in the intermediate layer is large, the 
intermediate layer reaches the Curie temperature with the low reproducing power so that the exchange cou- 

20 pling with the memory layer is not performed to a sufficient level. As described before, for ensuring the high 
reliability of the Information reproduction. It Is necessary that C/N is no less than 43dB. Accordingly, It Is pre- 
ferable that Gd content p (at%) in the Intermediate layer Is In a range of 20^p^50 In the super-resolution me- 
dium of the present invention. As also described before, for ensuring the higher reliability, it is preferable that 
C/N is about 45dB. Accordingly, it is more preferable that Gd content p is set to be in a range of 30^p^5. 

25 On the ot)ier hand, from the crosstalk data shown in Fig. 38, it is seen that the crosstalk largely changes 

relative to Gd contents in the intermediate layer. This is because, since Gd content in the intermediate layer 
influences the lowering of both the in-plane anisotropy and the reproducing power, Gd content in the intermedi- 
ate layer largely Influences the front mask effect. According to the results shown in Fig. 38, the crosstalk was 
not necessarily improved in the composition providing C/N of no less than 43dB. When using -22dB, which is 

30 obtained by the single-layer TbFeCo disc, as a reference, the front mask effect Is obtained when p^25. 

From the foregoing results, Gd content p (at%) in the intermediate layer of the present invention is set, 
preferably, to 25^p^50, and more preferably, to 30^p^45. A portion of the data obtained in this experimental 
example is shown in Table 8. 

In this experimental example, the film thicknesses of the reproduction layer and the intermediate layer were 

35 set to 40nm and 10nm, respectively, for comparison. However, when considering the mask effect of the repro- 
duction layer, the film thickness of the reproduction layer may have a value no less than 20nm. Further, in con- 
sideration that the intermediate layer works to cut off the exchange coupling between the reproduction layer 
and the memory layer at the Curie temperature or higher, the film thickness of the intermediate layer may have 
a value no less than 3nm. Further, the film thickness of the memory layer may have a value no less than 10nm 

40 for stably holding the magnetic domains, so that the medium which realizes the effect of the present invention 
can be obtained. To the contrary, in consideration of the necessary power for recording/reproduction of the 
information, it is preferable to suppress the film thickness of the total magnetic layers to 200nm or less. 

Accordingly, when the film thicknesses are within the foregoing ranges, it is within the scope of the present 
invention. 

45 

(Experimental Example 33) 

Using the same apparatus and method as in Experimental Example 31, an SiN interference layer of 90nm 
thickness, a Gd^lFCioo- yCOy)ioo- x reproduction layer of 40nm thickness, a GdpFeioo- p intermediate layer of 1 0nm 
50 thickness, a Tb2o(Fe8oCo2o)8o memory layer of 30nm thickness and an SiN protective layer of 70nm thickness 
were formed on a polycarbonate substrate in the order named, thus obtaining the medium with a structure 
shown in Fig. 31. In this experimental example. Co content y (at%) in the reproduction layer was changed va- 
riously relative to Gd contents x and p of the reproduction layer and the intermediate layer obtained in Exper- 
imental Example 32. 

55 Co content in the GdFeCo alloy influences various materiality values, particularly, a perpendicular mag- 

netic anisotropy Ku and a Curie temperature Tc. The reproduction layer in the present invention works not only 
to provide the mask effect, but also to enhance the Kerr effect In the aperture region. Since the Kerr rotation 
angle obtained upon irradiation of a polarization light beam onto a perpendicular magnetization film is, in gen- 
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erat, larger as a Curie temperature of a material is higher. Since quality of the reproduced signal is increased 
with the large Kerr rotation angle, it is preferable that the Curie temperature of the reproductbn layer is set to 
a certain high value. When Co content in the GdFeCo alloy is reduced, the Curie temperature tends to be low- 
ered so that it is desired to add Co to a certain extent in this experimental example, Gd24(FeeoCo2o)76 was used 
5 for the reproduction layer. The results are shown in Table 8, wherein C/N of 42dB was obtained even relative 
to the 0.40^m mark. Accordingly, the effect of the present invention was confirmed. However, when reducing 
Co content in the reproduction layer to 1 9at% or less, C/N was reduced to 39dB due to the lowering of the Curie 
temperature. 

On the other hand, when Co content in the reproduction layer is too great, the reproduction layer becomes 
10 reluctant to transit to a perpendicular magnetization film even heated by the laser beam due to the lowering 
of the perpendicular magnetic anisotropy, that is, the exchange coupling with the memory layer is weakened, 
so that C/N is reduced. The results are shown in Table 8, wherein Gd32(Fe5oCo5o)68 was used for the reproduc- 
tion layer. As shown, C/N of 42dB was obtained even relative to the 0.40^m mark. However, when increasing 
Co content in the reproduction layer to 51at% or greater, C/N was reduced to 38dB due to the insufficient ex- 
15 change coupling in the aperture portion. 

From the foregoing results, it is preferable that Co content y (at%) in the reproduction layer of the present 
invention is set to 20^y^5O. 

(Experimental Example 34) 

20 * 

Using the same apparatus and method as in Experimental Example 31. an SIN interference layer of 90nm 
thickness, a Gdx(Fe^oo- yCOy)ioo- x reproduction layer of 40nm thickness, a Gdp(Fei(]o. qCOq)ioo. p intermediate lay- 
er of 10nm thickness, a Tb2o(Fe8oCo2o)8o memory layer of 30nm thickness and an SiN protective layer of 70nm 
thickness were formed on a polycarbonate substrate in the order named, thus obtaining the medium with a 

25 structure shown in Fig. 31. In this experimental example, Co content q (at%) in the Intermediate layer was 
changed variously relative to Gd contents x and p and Co content y of the reproduction layer and the inter- 
mediate layer obtained in Experimental Examples 32 and 33. 

Co content in the intermediate layer has relation to the Curie temperature and is one of important factors 
to determine the reproducing power to the medium. For example, assuming that a reproducing power is 4mW 

30 or larger when a linear velocity is 9m/s, a laser power for erasing data is required to be 7mW or greater in con- 
sideration of the power margin. Further, since the laser beam is in a pulsed fonm during the optical modulation 
recording, a recording power is required to be about 13mW so that reliability of the drive unit is extremely lim- 
ited. Accordingly, the laser power upon data reproduction is set, preferably, to 4mW or less, and more prefer- 
ably, to 3mW or less. For this, the Curie temperature of the intermediate layer should be 220''C or less. 

35 Data shown in Table 8 were obtained using Gd45(FeaoCo2o)55 for the intermediate layer. When Co content 

in the intermediate layer is 20at%, the Curie temperature fc>ecomes 220''C s^ ' lat the reliable information re- 
production is possible. However, when Co content exceeds 20at%, the reproducing power is increased to ex- 
tremely lower the reliability of the drive unit. 

This experimental example has been explained as using GdFeCo for the intermediate layer. On the other 

40 hand, only in consideration of the Curie temperature, the Curie temperature is lowered by adding a non-mag- 
netic element, such as, Al or Cr for the purpose of improving corrosion resistance. In this case, even when Co 
content exceeds 20at%, the Curie temperature of an acceptable value can be obtained due to the addition of 
the non-magnetic element. However, the property as a magnetic substance is deteriorated on the whole due 
to the addition of the non-magnetic element, and further, the perpendicular magnetic anisotropy is reduced 

45 due to the addition of Co. Accordingly, the exchange coupling with the memory layer at the aperture portion 
is weakened so that it becomes difficult to obtain a reproduced signal having excellent S/N. In view of the fore- 
going, it is preferable that the intermediate layer is formed of Gdp(Feioo.qCOq)ioo.p as a main component, and 
that Co content q (at%) is set to O^q^O even when another element is added. 

50 (Experimental Example 35) 

Using the same apparatus and method as in Experimental Exannple 31, an SiN interference layer of 90nm 
thickness, a Gdx(Feioo. yCOy)ioo- x reproduction layer of 40nm thickness, a Gdp(Feio(^ q)ioo- p intermediate layer 
of lOnm thickness, aTba(Feioo-bCOb)ioo-a.»Tiemorylayerof 30nm thickness and an SiN protective layer of 70nm 
55 thickness were formed on a polycarbonate substrate in the order named, thus obtaining the medium with a 
structure shown in Fig. 31. In this experimental example, Tb content a (at%) and Co content b (at%) in the 
memory layer were changed variously relative to Gd contents x and p and Co contents y and q of the repro- 
duction layer and the intermediate layer obtained in Experimental Examples 32, 33 and 34. 
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Fig. 39 shows a relationship between Tb content a (at%) In the memory layer and C/N, wherein a mark 
length Is 0.40nm. On the other hand, Co content b (at%) in the memory layer is adjusted depending on Tb con- 
tent so as to hold the Curie temperature to be constant at about 270°C. 

As seen from the figure, the composition margin of the memory layer Is sufficiently large in view of C/N 

5 so that C/N Is substantially constant in a range of 18^a^31 . When Tb content a becomes no more than 18at%, 
a saturation magnetization becomes no less than 250emu/cc (iron family element sublattlce magnetization 
dominant) so that influence of the diamagnetic field becomes large. As a result, further smaller magnetic do- 
mains (microdomain) are formed in the magnetic domain or deformation of configuration of the magnetic do- 
main is caused so that noise components are increased to deteriorate C/N. To the contrary, when Tb content 

10 a becomes no less than 31at%, a saturation magnetization becomes no less than 200emu/cc (rare earth ele- 
ment sublattice magnetization dominant), and further, a compensation temperature becomes no less than 
20O'*C. In this case, since the compensation temperature of the memory layer becomes higher than the Curie 
temperature of the intemiediate layer, the menrrary layer is rare earth element sublattice magnetization dom- 
inant at a temperature where the exchange coupling with the reproduction layer is cut off. Then, since the mag- 

15 netoslatic coupling force acting on the reproduction layer from the memory layer Is oriented In the same di- 
rection as the exchange-coupling force at the low temperature, it works in a directk)n to prevent the magnetic 
domain transferred to the reproduction layer from inverting due to the rear mask. Accordingly, the super-re- 
solution effect is weakened to reduce C/N. 

Comparison between the results shown in Fig. 39 and data obtained in the conventional two-layered super- 

20 resolution magneto-optical recording medium using an in-plane magnetization film, reveals that the effect of 
the present invention is obtained in a range of 14^a^33. In order to ensure C/N of 42dB or more for improving 
the reliability, a range of 16^a^32 Is more preferable. Further, in order to ensure C/N which Is stable in view 
of the composition margin, a range of 18^a^31 is further preferable. 

25 (Experimental Example 36) 

Using the same apparatus and method as in Experimental Example 31, an SiN interference layer of 90nm 
thickness, a Gdx(Feioo- yCOy)ioo. x reproduction layer of 40nm thickness, a Gdp(Fei(jo. qCOq)io(>. p intermediate lay- 
er of 10nm thickness, a Tba(Feioo- bCOb)ioo. a memory layer of 30nm thickness and an SiN protective layer of 

30 70nm thickness were formed on a polycarbonate substrate in the order named, thus obtaining the medium with 
a structure shown in Fig. 31. In this experimental example, Co content b {at%) in the memory layer was 
changed variously relative to Gd contents x and p and Co contents y and q of the reproduction layer and the 
intermediate layer and Tb content a of the memory layer obtained in Experimental Examples 32, 33, 34 and 
35. One example of the results is shown in Table 1. . 

35 Co content in the memory layer has relation to the Curie temperature and is an important parameter for 

determining the laser power at the time of recording. I n consideration of stability of data holding on the medium, 
the Curie temperature of the memory layer is required to be set to a certain high value. In view of this, it is 
preferable that the Curie temperature of the memory layer is about 1 80°C to 280**C. Accordingly, in order to 
ensure this Curie temperature in the range of Tb content described in Experimental Example 35. it is preferable 

40 that Co content b (at%) is set to 1 4^b^45. 

(Experimental Example 37) 

Using the same apparatus and method as in Experimental Example 31 , an SiN interference layer of 90nm 
45 thickness, a Gd28(Fe6oCo4o)72 reproduction layer of 40nm thickness, a GdayFees intermediate layer of lOnm 
thickness, a Tb2o(Fe8oCo2o)8o memory layer of 30nm thickness and an SiN protective layer of 70nm thickness 
were formed on a polycarbonate substrate in the order named, and further, an Al heat radiation layer of SOnm 
was formed for improving the thermal characteristic, thus obtaining the medium with a structure shown in Fig. 
40. It is known in the art that linear velocity dependency of the thermal characteristic can be improved by adding 
50 the heat radiation layer Also in the present invention, linear velocity dependencies of the recording power and 
the reproducing power are improved by adding the heat radiation layer. 

Although this effect is obtained in the optical modulation recording as described in Experimental Examples 
31 to 36, the similar effect is also obtained in the magnetic-field modulation recording. In case of the magnetic- 
- field modulation recording, it is known that the recorded mark becomes a bow-like shape (so-called an-ow- 
55 feather mark) according to a configuration of the temperature distribution of the medium at the time of record- 
ing. By providing the heat radiation layer, there is an effect that a curvature of an arc portion of the mark can 
be reduced. 

Fig. 41 shows recording power dependencies of carrier and noise when the magnetic-field modulation re- 
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cording was performed relative to the medium of this experimental example. As seen from the figure, according 
to this experimental example, even in case of the magnetic-field modulation recording, C/N was excellent, i.e. 
44dB relative to even the small mark (0.40)im). thereby being capable of achieving the super-resolution effect 
of the present invention . 

5 

(Experimental Example 38) 

Using the same apparatus and method as in Experimental Example 31, an SIN interference layer of 90nm 
thickness, a Gd2s(Fe6oCo4o)72 reproduction layer of 40nm thickness, a GdayFees Intermediate layer of 10nm 

10 thickness, a Dy25{Fe7oCo3o)75 memory layer of 30nm thickness and an SiN protective layer of 70nm thickness 
were formed on a polycarbonate substrate in the order named, thus obtaining the medium with a structure 
shown in Fig. 31. 

In this experimental example, Dy FeCo was used for the memory layer instead of TbFeCo. The good results 
as In Experimental Example 31 were obtained for both C/N and the crosstalk. It has been confirmed that the 
15 present invention is not limited to the TbFeCo memory layer. 

Next, in order to make the effect of the present invention more distinct, like experiments were perfonmed 
relative to the conventional medium structure for comparison. 

(Comparative Example 12) 

20 

Using the same apparatus and method as in Experimental Example 31, an SiN interference layer of 90 nm 
thickness, a Tb2o(Fe8oC02o)8o memory layer of 80nm thickness and an SiN protective layer of 70nm thickness 
were fonmed on a polycarbonate substrate in the order named. In other words, a single layer disc having, as 
a magnetic layer, only the memory layer used in Experimental Example 31 was prepared. First, the 0.40^m 

25 marks were recorded on the medium, and the reproducing power dependencies of carrier and noise were meas- 
ured. The results are shown in Fig. 32. As seen in the figure, although a carrier level increases according to 
increment of the reproducing power, the slope Is gradual since the mask effect observed In the medium of the 
present inventk>n can not be obtained. 

Next, the marks of vartous sizes were recorded on the medium of this comparative example, and the spatial 

30 frequency characteristic was measured. The results are shown in Fig. 33, wherein it is seen that, although the 
sufficiently high C/N ratio was obtained when the mark length was large, i.e. 0.78)im, the resolution was rapidly 
reduced when exceeding a cut-off frequency of the optical system. 

Further, in the measurement of the crosstalk, since the effective track pitch of 0.8^m was narrow relative 
to the reproducing spot and further, no mask effect was provided In case of the single layer disc, the crosstalk 

35 of only about -22dB was obtained as shown in Fig. 34. 

(Comparative Example 1 3) 

Using the same apparatus and method as in Experimental Example 31. an SiN interference layer of 90nm 

40 thickness, a Gd28(Fe6oCo4o)72 reproduction layer of 70nm thickness, a Tb2o(Fe3oCo2o)8o memory layer of 30nm 
thickness and an SiN protective layer of 70nm thickness were formed on a polycarbonate substrate in the order 
named, thus obtaining the medium with a structure shown in Fig. 3A. 

First, the marks of 0.40^m mark length were recorded on the medium, and reproducing power dependen- 
cies of carrier and noise were measured. The results are shown in Fig. 32. As seen In the figure, since even 

45 the medium of this comparative example provides the super-resolution effect by using an in-plane magneti- 
zation film at low temperatures, a carrier level was increased, as In the medium of the present invention in 
Experimental Example 31 , in a range of the reproducing power between 0.8mW and 2,8mW. However, in the 
two-layered super-resolution medium of this comparative example, since a rear mask does not appear even 
when the reproducing power Is increased to 3mW or more, the rapid carrier increase as in the medium of the 

50 present invention in Experimental Example 31 was not observed. 

Next, the marks of various sizes were recorded on the medium of this comparative example, and the spatial 
frequency characteristic was measured. As shown in Fig, 33. the results were such that, although the resolution 
was increased at high-frequency regions as compared with the single layer disc, since no rear mask effect 
was provided and a positional relationship between the aperture. region and the spot was not optimum, the 

55 resolution was inferior as compared with the disc of Experimental Example 31. 

On the other hand, with regard to the crosstalk, the front mask largely influences, but the rear mask does 
not. Accordingly, as shown in Fig, 34, the crosstalk of about -30dB, which is equivalent to that obtained in the 
medium of Experimental Example 31, was obtained. 
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(Fourth Embodiment) 

In a fourth embodiment, preferable relationship between a Curie temperature of an intermediate layer and 
a compensation temperature of a reproductbn layer will be described, wherein a magnetic layer showing an 
in plane magnetic anisotropy at room temperature Is used as the reproduction layer In the medium of the first 

embodiment. 

Herelnbelow, the fourth embodiment of the present Invention will be described in detail with reference to 
the drawings. 

Fig. 42 shows a sectional view of an optical disc In the fourth embodiment. As shown in Fig. 42, in the 
optical disc used in this embodiment, an interference layer 314, a first magnetic layer (hereinafter referred to 
as "reproduction layer**) 311 , a thinj magnetic layer (hereinafter referred to as "intermediate layer") 31 2. a sec- 
ond magnetic layer (hereinafter referred to as "memory layer") 313 and a protective layer 315 are laminated 
on a substrate 320 in the order named. The substrate 320 is normally formed of a transparent material, such 
as» glass or polycarbonate. 

Each of these layers can be formed by continuous sputtering or continuous deposition using the DC mag- 
netron sputtering apparatus. 

The interference layer 314 is provided for enhancing the magneto-optical effect and formed of. for example, 
a transparent dielectric material, such as. Si3N4, AIN, SiOj. SiO, ZnS. MgF2 or the like. 

The protective layer 315 is used for protecting the magnetic layers and formed of a material like that of 
the interference layer 314. 

The interference layer 31 4 and the protective layer 31 5 have nothing to do with the essence of the present 
invention, and thus, detailed explanation thereof will be omitted. Although not shown in Fig. 42, the protective 
layer 315 may be applied with a hard-coating material, such as, an ultraviolet-setting resin for protecting the 
films or using a magnetic-field modulation overwrite magnetic head. 

The reproduction layer 311 is a layer for reproducing magnetization information held in the memory layer 
313. The reproduction layer 311 has a magnetization characteristic such that it is an in-plane magnetization 
film at room temperature and becomes a perpendicular magnetization film at a given temperature or higher 
between room temperature and its Curie temperature. The reproduction layer 311 is located closer to a light 
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incident side as compared with the intermediate layer 312 and the memory layer 31 3. and its Curie temperature 
is set to be higher than at least those of the intermediate layer 312 and the memory layer 313 for preventing 
deterioration of a Kerr rotation angle upon reproduction. Further, the reproduction layer 311 has a compensa- 
tion temperature Tcompi between room temperature and the Curie temperature, satisfying the following con- 
5 dition: 

- 20X ^ Tcompi - Tc3 ^ 80°C 
wherein Tc3 represents a Curie temperature of the intermediate layer. 
As a specific material of the reproduction layer 311 , a material, for example, a rare earth-iron family anior- 
phous alloy having a small perpendicular magnetic anisotropy, such as, GdFeCo, GdTbFeCo, GdDyFeCo or 
10 the like, mainly containing GdFeCo, is preferable since it has a high Curie temperature and a low coercive force 
and easily causes contraction of recorded magnetic domains in a high-temperature region, which is the prime 
aim of the present medium. GdFeCo is particularly desired. Rare earth light metal, such as, Nd, Pr, Sm or the 
like may be added for increasing the Kerr rotation angle at shorter wavelength. 
The intermediate layer 312 is provided for the following three purposes: 
15 (1) The intermediate layer 312. around room temperature, moderates the magnetic wall energy between 
the reproduction layer 311 and the memory layer 313 and helps the reproduction layer 311 to be an in- 
plane magnetization film. This results in contributing to reduction in film thickness of the reproduction layer. 

(2) When reaching a given temperature or higher, the intermediate layer 312, along with the reproduction 
layer 311, transits to a perpendicular magnetization film to mediate the exchange coupling from the mem- 

20 ory layer 31 3 to the reproduction layer 311. 

(3) At the Curie temperature or higher of the intermediate layer 312, the Intemiediate layer 312 cut off the 
exchange coupling between the reproduction layer 311 and the memory layer 313. 

In order to achieve these purposes, the intermediate layer 312 is located between the reproduction layer 
311 and the memory layer 313 and has a Curie temperature which is set to be higher than room temperature 

25 and lower than those of the reproduction layer 311 and the memory layer 313. The Curie temperature of the 
intermediate layer 312 is set to be high enough to mediate the exchange-coupling force from the memory layer 
313 to the reproduction layer 311 at a medium-temperature portion within the light spot, but low enough to cut 
off the exchange-coupling force at a highest-temperature portion within the light spot, and thus preferably, 80°C 
or higher and 220°C or lower, and more preferably, 110°C or higher and 180**C or lower. As a material of the 

30 intermediate layer 312, for example, a rare earth-iron family amorphous alloy, such as, TbFe, TbFeCo, GdFe, 
GdFeCo, GdTbFeCo, GdDyFeCo. DyFe. DyFeCo, TbDyFeCo or the like is preferable. A non-magnetic ele- 
ment, such as, Cr. Al, Si, Cu or the like may be added for lowering the Curie temperature. Further, when masking 
a low-temperature region by causing the reproduction layer to be an in-plane magnetization film at a low tem- 
perature, it is preferable that an in-plane magnetic anisotropy of the intermediate layer at room temperature 

35 is greater than that of the reproduction layer at room temperature, for example, a saturation magnetization Ms 
of the intermeJiate layer at room temperature Is greaterthan thatof the reproduction layer at room temperature, 
for strengthening the in-plane magnetic anisotropy of the reproduction layer at the low temperature. 

The memory layer 313 is a layer for storing recorded information and thus is required to stably hold the 
very small magnetic domain of no more than 1fim. As a material of the memory layer 313. a material which 

40 has a large perpendicular magnetic anisotropy and can stably hold a magnetization state, for example, a rare 
earth-Iron family amorphous alloy, such as, TbFeCo, DyFeCo, TbDyFeCo or the like, garnet, a platinum family- 
iron family periodic structure film, such as, Pt/Co, Pd/Co or the like, or a platinum family-iron family alloy, such 
as, PtCo, PdCo or the like is preferable. 

An element, such as, Al, Ti, Pt, Nb, Cr or the like may be added to the reproduction layer 311, the inter- 

45 mediate layer 312 and the memory layer 313 for improving their conrosion resistances. Further, for Improving 
themial conductivity, a layer formed of Al. AITa, AITI. TlCr, Cu or the like and having good thermal conductivity 
may be provided. Further, an initialization layer in which magnetization is aligned in one direction for performing 
the optical modulation overwrite may be provided. Further, auxiliary layers for recording assistance and re- 
producing assistance may be provided to adjust the exchange-coupling force or the magnetostatic coupling 

50 force. 

Since the recording and reproduction of the data signal relative to the medium in the fourth embodiment 
is the same as in the first embodiment, explanation thereof will be omitted for brevity. 

In the reproducing process explained in the first embodiment, for forming the rear mask within the spot, 
the Intermediate layer should reach the Curie temperature in the highest-temperature portion within the spot. 
55 The laser power for the information reproduction is normally set to about no more than 4mW on the medium 
since, if it is more than 4mW, the margin relative to the laser power at the time of recording becomes small. 
In consideration that a temperature reaches about 220**C by irradiation of the reproducing power, the Curie 
temperature of the intermediate layer should be set to 220**C or less. To the contrary, since the rear mask 
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should be formed only at a portion in the spot, if the intermediate layer reaches the Curie temperature without 
irradiation of the laser beam, neither the front mask nor the aperture is formed so that the signal can not be 
reproduced. A temperature in the magneto-optical recording/reproduction device normally increases to 50''C 
to 6(yc. Accordingly, the Curie temperature of the intermediate layer should be BOX or higher, or otherwise 
5 the stable information reproduction can not be performed. In view of this, the Curie temperature of the inter- 
mediate layer should be set to a range of BOX to 220X. 

One condition for stably forming the rear mask when the intermediate layer reaches around the Curie tem- 
perature is that HIeak is small as described in the first embodiment As shown in relation (10), HIeak is pro- 
portional to the saturation magnetization Ms1" around the recorded magnetic domain. Thus, Msl" is required 
10 to be small. Accordingly, the foregoing condition is satisfied, provided that the reproduction layer reaches 
around the compensation temperature when the intermediate layer reaches around the Curie temperature. 

Next, consideration will be given to Hst which constitutes another condition for forming the rear mask. Hst 
represents the magnetostatic coupling force acting on the reproduction layer from the recorded magnetic do- 
main of the memory layer when the intermediate layer reaches around the Curie temperature. When the mem- 
is ory layer and the reproduction layer are of an anti-parallel type, Hst works in a direction to invert the transferred 
magnetic domain so as to fomr) the rear mask. On the other hand, in case of a parallel type, Hst works in a 
direction to prevent formation of the rear mask. Specifically, Hst works in a direction to form the rear mask, 
provided that, for example, when the memory layer is iron family element sublattice magnetization dominant, 
the reproduction layer is rare earth element sublattice magnetization dominant at a temperature around the 
20 Curie temperature Tc3 of the intermediate layer. This mans that the effect of Hst to form the rear mask is large 
when the compensation temperature Tcompi of the reproduction layer is higher than the Curie temperature 
Tc3 of the Intermediate layer. 

As described above, for reducing the magnetic-domain holding effect by HIeak and increasing the mag- 
netic-domain contracting effect by Hst, the compensation temperature Tcornpl of the reproduction layer is set 
25 to be somewhat higher than the Curie temperature Tc3 of the intermediate temperature, wherein the rear mask 
is formed most stably. On the other hand, if Tcompi Is lowered, the magnetic-domain contracting effect by 
Hst is reduced so that the rear mask can not be formed stably, thereby lowering quality of the reproduced signal. 
T9 the contrary, if Tcompi is too high, Msl" is increased to raise HIeak so that the magnetic domain of the 
reproduction layer becomes reluctant to contract even when the intermediate layer reaches the Curie temper- 
so ature. thereby also lowering quality of the reproduced signal. Specifically, when Tcompi -Tc3 is set to be some 
tens C'C), and more concretely, no less than -20°C and no more than BO^C, the effect of the present invention 
becomes maximum. 

The present invention will be described in further detail by way of experimental examples. However, the 
present invention is not limited to these experimental examples. 

35 

(Experimental Example 37) 

Si, Gd, Tb, Fe and Co targets were attached to a DC magnetron sputtering apparatus, and a glass sub- 
strate having a diameter of 130mm and a polycarbonate substrate with lands and grooves at a pitch of 1.6|im 

40 were fixed to a substrate holder which was set at a position separated from the respective targets by a distance 
of 150mm. Thereafter, the interior of the chamber was evacuated by a cryopump to a high vacuum of 1 x 
10^ Pa or less. During the evacuation, Ar gas was introduced into the chamber to 0.4Pa, and thereafter, an 
SiN interference layer of 90nm thickness, a Gd28(Fe6oCo4o)72 reproduction layer of 40nm thickness, a GdarFeea 
intermediate layer of 1 0nm thickness, a Tb2o(Fe8oCo2o)8o memory layer of 30nm thickness and an SiN protective 

45 layer of 70nm thickness were formed in the order named, thus obtaining the medium with a structure shown 
in Fig. 42. Upon formation of each SiN dielectric layer. N2 gas was introduced in addition to the Ar gas, and 
the SiN layer was fonmed by DC reactive sputtering, adjusting a mixing ratio of the Ar and N2 gases, so as to 
obtain a refractive index of 2.1 . The Gd28(Fe6oCo4o)72 reproduction layer was rare earth element sublattice mag- 
netization dominant at room temperature, and was set to represent a saturation magnetization Msl of 

50 180emu/cc, a compensation temperature Tcompi of 215'*C and a Curie temperature Tc1 of SOO^'C or more. 
The GdayFega intermediate layer was rare earth element sublattice magnetization dominant at room tempera- 
ture, and was set to represent a saturation magnetization Ms3 of 450emu/cc and a Curie temperature Tc3 of 
190**C. The Tb2o(Fe8oCo2o)8o memory layer was iron family element lattice magnetization dominant, and was 
set to represent a saturation magnetization Ms2 of -250emu/cc and a Curie temperature Tc2 of 270''C. Here- 

55 inafter, a polarity of a saturation magnetization will be described as being positive in case of rare earth element 
sublattice magnetization dominant and as being negative in case of iron family element sublattice magnetiza- 
tion dominant. 

After recording a magnetic domain of a 0.78^im mark length in the magneto-optical recording medium, the 
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magnetic domain was observed by a polarizing microscope under inradiatlon of a semiconductor laser beam 
of 830nm. While increasing the laser power, it was confirmed that the recorded magnetic domain was con- 
tracted and the magnetization was oriented in an erasing direction at the center (high-temperature region) of 
the light spot at a certain laser power. 

5 Subsequently, the recording/reproduction characteristic was measured using this magneto-optical record- 

ing medium. The measurement was performed by setting N.A. of an objective lens to be 0.53, a laser beam 
wavelength to be 780nm (using an optica! head), a linear velocity to be 9m/s and a recording power to be 10mW. 
First, erasing was performed entirely on the medium, and thereafter, a mark of 0.40 nm length was recorded 
by modulating a laser beam at a frequency of 1 1 .3MHz. Subsequently, a variation of C/N ratios were measured 

10 by changing a reproducing power ifotu 0.8mW to 4.4mW. The results are shown in Fig. 43. 

In the magneto-optical recording medium of the present invention, since a temperature of the medium does 
not Increase sufficiently while the reproducing power is 1 .OmWor less, magnetization of the reproduction layer 
is oriented substantially in a film plane. Accordingly, since the mark recorded in the memory layer is masked 
by the reproduction layer, substantially no C/N ratio is obtained. On the other hand, when the reproducing power 

15 is increased to about 2.0mW to 2.8mW. a medium-temperature region, that is, an aperture region, is fomned 
within the reproducing spot to transfer the magnetic domain of the memory layer to the reproduction layer so 
that the C/N ratio is increased. A configuration of the aperture region at this time Is substantially the same as 
in the super resolution of the conventional two-layered structure using the in-plane film as shown in Fig. 3B. 
Accordingly, although the super-resolution phenomenon is generated, since size and location of the aperture 

20 regton is not optimum, only about 36dB can be obtained as a C/N ratio. When the reproducing power is further 
increased to 3.2mW to 4.0mW, a portion appears within the spot where the intenfnediate layer reaches the Curie 
temperature, that is, a rear mask is formed. Then, as shown in Fig. 6A, the aperture configuration becomes 
optimum relative to the spot so that a C/N ratio of 45dB is obtained. On the other hand, when the reproducing 
power exceeds 4.0mW, the highest temperature exceeds the Curie temperature of the memory layer so that 

25 the recorded data are damaged to reduce the C/N ratio. 

Next, amplitudes and DC levels of the reproduced signal were measured for further supporting the fomia- 
tion of the rear mask in the magneto-optical recording medium of the present invention. Carrier and noise shown 
in Fig. 44 are the same data as those described before. In case of the recorded mark length being 0.4nm, when 
the reproducing power exceeds 3mW, a carrier level is rapidiy increased so that the formation of the rear mask 

30 can t>e confirmed. 

The amplitudes and DC levels were obtained from the reproduced signal for the O.S^m marks recorded 
in the same medium. The DC level takes a positive sign at an erasing side. In case of the conventional optical 
disc, an aperture configuration does not change even when the reproducing power is changed. Accordingly, 
when the reproducing power is within a range which does not cause the memory layer to reach the Curie tem- 

35 perature, a relationship between the amplitude of the reproduced signal and the reproducing power forms a 
straight line passin^^ the origin. Further, the mark is not recorded over the full width of the spot light so that 
erased-state potions remain at both sides of the mark. Accordingly, even when the marks are recorded with a 
duty cycle of 50%, the DC level of the reproduced signal does not become 0. but offsets to the erasing side 
(positive side in Fig. 44). Thus, each of relationships of both the amplitude and the DC level relative to the 

40 reproducing power forms a straight line with a positive slope passing through the origin.'Alternatively, when 
reduction in the Kerr rotation angles of the reproduction layer due to the power increase is at a level which can 
not be ignored, a curve is formed which is slightly convex upward depending on such a level. On the other 
hand, in case of the super-resolution disc of the present invention, a straight line does not pass the origin, and 
further, its slope is changed around the reproducing power of 3mW. This is considered as follows: 

45 When the reproducing poweris 0.5mW or less, even the highest-temperature portion does not reach a tem- 
perature where the reproduction layer transits from an in-plane magnetization film to a perpendicular magne- 
tization film. Accordingly, the magnetization of the reproduction layer is in plane, that is. masked, in all the re- 
gions within the spot. Thus, the amplitude and the DC level are both 0. On the other hand, when the reproducing 
power exceeds 0.5mW, a part of the reproduction layer within the spot becomes a perpendicular magnetization 

50 film. When the power is further increased, since the aperture region expands, both the amplitude and the DC 
level are rapidly increased with a slope exceeding a proportional relationship with the reproducing power. How- 
ever, when the reproducing power exceeds 3mW, the rear mask starts to be formed within the spot so that a 
direction of the magnetization aligns in the erasing direction in the rear-masked portion. This portion worked 
for the signal reproduction before appearance of the rear mask, but does not work for the signal reproduction 

55 as being masked in the erasing direction when the rear mask appears. Accordingly, across the reproducing 
power of 3mW. the DC level is rapidly increased in the erasing direction, while the amplitude of the reproduced 
signal is reduced. From the foregoing results, the behavior of the rear mask in the super-resolution disc of the 
present invention has been supported. 
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Further, In order to confirm that the super-resolution effect of the present invention is generated without 
applying the reproducing magnetic field from the external, the results of examination about dependency upon 
the reproducing magnetic field are shown in Fig. 45. Fig. 45 was obtained in the following manner. After the 
0.4^m marks were recorded on the disc as in the foregoing manner, the reproducing magnetic field was 
5 changed while performing the signal reproduction with the reproducing power of 3.2mW, and a variation of C/lSl 
ratios at that time was plotted. As clear from this figure, the C/N ratio of 45dB was stably obtained In a range 
of the reproducing magnetic field ± 200 Oe. 

Subsequently, the mark-length dependency of C/N was examined by changing a laser- beam modulation 
frequency, at the time of recording, between 5.8MHz, 9.0MH2, 11.3MHz and 15MH2 (corresponding to mark 
10 lengths 0.78^m, O.SOjim, 0.40um and 0.30fim, respectively) with respect to the same medium. The results are 
shown in Fig. 46. As shown in the figure, the excellent spatial frequency characteristic was obtained In the 
recording medium of the present invention. 

Subsequently, crosstalk with the adjacent track (hereinafter referred to as "crosstalk") was measured. 
First, erasing was performed entirely on the lands and the grooves, and thereafter, a signal of a 0.78^m mark 
15 length was recorded on the land as in the foregoing manner so as to measure a carrier level CL Subsequently, 
a carrier level CG upon tracking the adjacent groove was measured. The crosstalk was represented by a ratio 
CL/CG. Since the experiment was performed on the assumption that data were recorded on both the land and 
groove, an effective track pitch was 0.8^m. The results are shown in Fig. 47. As clear from the figure, the cross- 
talk was suppressed to about -28dB In a range of the reproducing power of 3.2mW to 4.0mW, which range was 
20 optimum for the medium. This shows that the present medium is also effective for narrowing the track pitch. 

The foregoing data were all obtained without applying the initializing magnetic field, and the excellent re- 
sults were obtained for the marks recorded at high density using an Information recording/reproduction device 
like the conventional infonnation recording/reproduction device. The measurement results of the C/N ratios 
under the optimum condition and the crosstalk at the same reproducing power are shown in Table 9 at Exper- 
ts imental Example 37. 

(Experimental Example 38) 

Using the same apparatus and method as in Experimental Example 37, an SiN interference layer of 90nm 

30 thickness, a GdFeCo reproduction layer of 40nm thickness, a GdFeCo intermediate layer of 1 0nm thickness, 
a TbFeCo memory layer of 30nm thickness and an SiN protective layer of 70nm thickness were formed on a 
polycarbonate substrate In the order named, thus obtaining the medium with a structure shown in Fig. 42. In 
this experimental example, by changing the compositions of the reproduction layer and the intennediate layer, 
the saturation magnetization, the compensation temperature and the Curie temperature of those layers were 

35 changed so as to examine a variation of the characteristics relative to those materiality values. 

A relationship between a saturation magnetization Msl (emu/cc) of the reproduction layer and C/N when 
recording the 0.40^m marks on the respective samples under the same condition as In Experimental Example 
37, is shown In Fig. 48. For example, when seeing a curve with a saturation magnetization Ms3 (emu/cc) of 
the intemriediate layer being 100, it is the curve which is convex upward and has a maximal value around 

40 Ms1=260. This is considered as follows: When the saturation magnetization Msl of the reproduction layer is 
small, an in-plane anisotropy of the reproduction layer is reduced. Accordingly, a temperature at which the mag- 
netization aligns in perpendicular due to the exchange coupling with the memory layer, is lowered so that the 
front mask effect is weakened to reduce C/N. To the contrary, when Ms1 is too large, the front mask effect 
becomes so strong that the intermediate layer reaches the Curie temperature before the aperture sufficiently 

45 opens, thereby also deteriorating C/N. The front mask effect is determined due to balance between the in-plane 
anisotropies of the reproduction layer and the intermediate layer such that, when the in-plane anisotropy of 
the reproduction layer is weakened, the In-plane anisotropy of the intermediate layer should be strengthened. 
Specifically, when the saturation magnetization Ms3 of the intenmediate layer is increased, an optimum value 
of Ms1 is reduced. Accordingly, as shown in Fig. 48, a peak position of C/N shifts due to change in Ms3. As 

50 will be described later, in the conventional two-layered super-resolution medium using an in-plane magneti- 
zation film. C/N of about 37dB was obtained relative to the mark length of 0.40|im. As compared with this, it 
is seen that the excellent super-resolution effect Is achieved by the medium of the present invention. For en- 
suring high reliability of the information reproduction, it is necessary that C/N is no less than 43dB. It is pre- 
ferable that the saturation magnetization Msl of the reproduction layer at room temperature is in a range of 

55 20^Ms1^340 (rare earth element sublattice magnetization dominant) in the super-resolution medium of the 
present invention. For ensuring the higher reliability, it is preferable that C/N is about 45dB. Accordingly, It Is 
more preferable that Msl Is set to be in a range of 100^Ms1^260. 

Next, the crosstalk was measured for each of the mediums of this experimental example in the same man- 
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ner as in Experimental Example 37. The results are shown in Fig. 49. For example, when seeing a curve with 
the saturation magnetization Ms3 (emu/cc) of the intermediate layer being 1 00, it is the curve which is convex 
downward and has a minimal value around Ms1=260. This is caused by the following reason: With respect to 
the same composition of the intermediate layer, when Ms1 is large, an in-plane anisotropy of the reproduction 

5 layer is so large that the front mask effect becomes too strong. Accordingly, since a carrier level at the land 
does not increase, a difference is not distinct as compared with reproduction at the groove. To the contrary, 
when Ms1 is small, the front mask effect becomes small so that the reproduction at the groove is liable to be 
subjected to influence of the crosstalk. Accordingly, with regard to the crosstalk, the optimum value also exists 
at the most-balanced position between the in-plane anisotropies of the reproduction and intenmediate layers. 

10 In consideration of the crosstalk being about -22dB obtained in the later-described measurement perfomfied 
relative to a single-layer TbFeCo disc, it is assumed that a level of the crosstalk where the effect of the present 
invention fully appears, is -25dB. Accordingly, the front mask Is formed In the foregoing range of Ms1 derived 
in view of C/N, thereby being also effective to the crosstalk. 

The same data are shown in Figs. 50 and 51 in terms of the saturation magnetization Ms3 (emu/cc) of the 

15 intermediate layer. Fig. 50 shows C/N data which are in the form of upward-convex curves tike in Fig. 48. This 
Is caused by the following reason: When the saturation magnetization Ms3 of the intenmediate layer is small, 
the in-plane anisotropy thereof is small. Accordingly, if the reproducing power is increased until the intermedi- 
ate layer reaches the Curie temperature, the aperture expands within the spot to an extreme extent so that 
the resolution is lowered. To the contrary, when the saturation magnetlzatfon Ms3 of the intermediate layer is 

20 large, the exchange coupling with the memory layer Is not performed to a sufficient level before the intermedi- 
ate layer reaches the Curie temperature. As described before, for ensuring the high reliability of the infonmatlon 
reproduction, it is necessary that C/N is no less than 43dB. Accordingly, it is preferable that the saturation mag- 
netization Ms3 of the intermediate layer is in a range of -200^Ms3^700 In the super-resolution medium of the 
present invention. On the other hand, from the crosstalk data shown in Fig. 51, it is seen that the crosstalk 

25 largely changes relative to the saturation magnetizatton Ms3 of the intermediate layer. This is because the sat- 
uration magnetization of the intermediate layer largely influences the front mask effect. According to the results 
shown in Fig. 51 , the crosstalk was not necessarily improved in the composition providing C/N of no less than 
43dB. When using -25dB as a reference as before, the front mask effect was obtained when Ms3^-150. Ac- 
cordingly, in consideration of both C/N and the crosstalk, the saturation magnetization Ms3 of the intennediate 

30 layer is preferably set to -1 50^Ms3^700. For further narrowing the track pitch, more excellent crosstalk is re- 
quired. Accordingly, when the crosstalk is no more than -30dB. then 200^Ms3^700. Further, for ensuring C/N 
of about 45dB for higher reliability, then 200^Ms3^550. From the foregoing results, the saturation magneti- 
zation Ms3 of the intermediate layer of the present invention is set, preferably, to -150^Ms3^700, more pre- 
ferably, to 200^Ms3^700, and further preferably, to 200^Ms3^500. A portion of the data obtained in this ex- 

35 perimental example is shown in Table 9. 

For supporting the fcr^going rear mask formation mechanism, the experiment results obtained in this ex- 
perimental example are expressed from another point of view. Fig. 52 is a diagram showing a relationship be- 
tween the saturation magnetization and the compensation temperature of the reproduction layer. Fig. 53 is a 
diagram showing a relationship between the saturation magnetization and the Curie temperature of the inter- 

40 mediate layer The shown relationships may change depending on a combination of the compositions of GdFe- 
Co. In this experimental example, the characteristics were changed not largely by Co content, but largely by 
Gd content so that the curves as shown in Figs. 52 and 53 were obtained. In the C/N data shown in Fig. 48. 
the peak position shifted depending on the saturation magnetization of the intermediate layer. On the other 
hand, by writing the C/N data based on Figs. 52 and 53 so that the axis of abscissas represent a difference 

45 between the compensation temperature of the reproduction layer and the Curie temperature of the intermedi- 
ate layer (AT=Tcomp1-Tc3), curves are obtained as shown in Fig. 54. wherein the peak positions substantially 
coincide with each other. 

As described before, the rear mask formation of the present invention largely depends on directions and 
magnitudes of magnetizations of the reproduction layer and the memory layer when the intermediate layer sub- 

50 stantially reaches the Curie temperature to cut off the exchange coupling between the reproduction layer and 
the memory layer. In this experimental example, the composition of the memory layer is held constant and 
iron family element sublattice magnetization dominant at room temperature. Accordingly, whether or not the 
rear mask is formed depends on the characteristic of the reproduction layer. 

In a range of O^AT^SO, when the intermediate layer reaches the Curie temperature, the reproduction layer 

55 does not reach the compensation temperature and thus is rare earth element sublattice magnetization dom- 
inant. Accordingly, the magnetostatic coupling force from the memory layer which is iron family element sub- 
lattice magnetization dominant, works in a direction to assist formation of the rear mask. Further, since the 
saturation magnetization of the reproduction layer itself is also small, the leakage magnetic field from around 
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the magnetic domain Is small so that the mask is liable to be formed. As a result, high C/N can be obtained. 

In case of AT reduced to be a negative value, when the intennediate layer reaches the Curie temperature, 
the reproduction layer already exceeds the compensation temperature so as to be Iron family element sublat- 
tice magnetization dominant. Accordingly, the magnetostatic coupling force from the memory layer works in 
5 a direction to prevent contraction of the magnetic domain transferred to the reproduction layer so that the mask 
is reluctant to be formed. As a result, C/N is gradually reduced. To the contrary, when AT is too great, the sat- 
uration magnetization of the reproduction layer at the time of cutting-off of the exchange coupling is too large 
so that the magnetic domain Is caused to be held due to the leakage magnetic field. As a result, the rear mask 
is not fomned, and thus, C/N is reduced. 
10 From these results, C/N of no less than 43dB is obtained when -20^Tcomp1-Tc3^0, and C/N of no less 
than 45dB is obtained when 0^Tcomp1-Tc3^50. 

In this experimental example, thefilmthicknesses of the reproduction layerand the intermediate layer were 
set to 40nm and iOnm, respectively, for comparison. However, when considering the mask effect of the repro- 
duction layer, the film thickness of the reproduction layer may have a value no less than 20nm. Further, in cen- 
ts sideration that the intermediate layer works to cut off the exchange coupling between the reproduction layer 
and the memory layer at the Curie temperature or higher, the film thickness of the intermediate layer may have 
a value no less than 3nm. Further, the film thickness of the memory layer may have a value no less than 10nm 
for stably holding the magnetic domains, so that the medium which realizes the effect of the present invention 
can be obtained. To the contrary, in consideration of the necessary power for recording/reproduction of the 
20 information, it is preferable to suppress the film thickness of the total magnetic layers to 200nm or less. 

Accordingly, when the film thicknesses are within the foregoing ranges, it is within the scope of the present 
invention. 

(Experimental Example 39) 

25 

Using the same apparatus and method as in Experimental Example 37, an SIN interference layer of 90nm 
thickness, a GdFeCo reproduction layer of 40nm thickness, a GdFeCo Intermediate layer of 10nm thickness, 
a TbFeCo memory layer of 30nm thickness and an SIN protective layer of 70nm thickness were formed on a 
polycarbonate substrate in the order named, thus obtaining the medium with a structure shown in Fig. 42. In 

30 this experimental example, the saturation magnetization Ms2 (emu/cc) of the memory layer was changed va- 
riously relative to the optimum film characteristics of the reproduction layer and the intermediate layer obtained 
in Experimental Example 38. 

Fig. 55 shows a relationship between the saturation magnetization of the memory layer and C/N (mark 
length OAO\xm). As seen from the figure, the composition margin of the memory layer is sufficiently large in 

35 view of C/N so that C/N is substantially constant in a range of -300^Ms2^200. When the saturation magneti- 
zation of the memory layer exceeds -300emu/cc (iron family element sublattlce magnetization dominant), in- 
fluence of the diamagnetic field of the memory layer itself becomes large. As a result, further smaller magnetic 
domains (microdomain) are formed in the magnetic domain or deformation of configuration of the magnetic 
domain is caused so that noise components are increased to deteriorate C/N. To the contrary, when the sat- 

40 uration magnetization of the memory layer becomes no less than 200emu/cc (rare earth element sublattice 
magnetization dominant), a compensation temperature of the memory layer becomes no less than 200''C. In 
this case, since the compensation temperature of the memory layer becomes higher than the Curie tempera- 
ture of the intermediate layer, the memory layer is rare earth element sublattice magnetization dominant at a 
temperature where the exchange coupling with the reproduction layer is cut off. Then, since the magnetostatic 

45 coupling force acting on the reproduction layer from the memory layer is oriented in the same direction as the 
exchange-coupling force at the low temperature, it works in a direction to prevent the magnetic domain trans- 
ferred to the reproduction layer from inverting due to the rear mask. Accordingly, the super-resolution effect 
is weakened to reduce C/N. 

From the results in Fig. 55, C/N of 43dB or higher can be obtained due to the super-resolution effect of 

50 the present Invention when -350^Ms2^250. Further, in order to ensure C/N which is stable In view of the com- 
position margin, a range of -300^Ms2^200 is preferable. 

(Experimental Example 40) 

55 Using the same apparatus and method as in Experimental Example 37, an SIN interference layer of 90nm 

thickness, a Gd28(Fe6oCo4o)72 reproduction layer of 40nm thickness, a GdayFeea intermediate layer of 10nm 
thickness, a Tb2o(Fe8oCo2o)8o memory layer of 30nm thickness and an SiN protective layer of 70nm thickness 
were formed on a polycarbonate substrate in the order named, and further, an Al heat radiation layer of 60nm 
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was formed for improving the thermal characteristic, thus obtaining the medium with a structure shown in Fig, 
56. It is known in the art that linear velocity dependency of the thermal characteristic can be improved by adding 
the heat radiation layer. Also in the present invention, linear velocity dependencies of the recording power and 
the reproducing power are improved by adding the heat radiation layer. 

5 Although this effect is obtained in the optical modulation recording, the similar effect Is also obtained in 

the magnetic-field modulation recording. In case of the magnetic-field modulation recording, it Is known that 
the recorded mark becomes a bow-like shape (so-called arrow-feather mark) according to a configuration of 
the temperature distribution of the medium at the time of recording. By providing the heat radiation layer, there 
is an effect that a curvature of an arc portion of the mark can be reduced. 

10 Fig. 57 shows recording power dependencies of carrier and noise when the magnetic-field modulation re- 

cording was performed relative to the medium of this experimental example. As seen from the figure, according 
to this experimental example, even In case of the magnetic-field modulation recording, C/N was excellent, i.e. 
44dB relative to even the small mark (0.40^m), thereby being capable of achieving the super-resolutbn effect 
of the present invention. 

15 

(Experimental Example 41) 

Using the same apparatus and method as in Experimental Example 37, an SiN interference layer of 90nm 
thickness, a Gd2s(Fe6oCo4o)72 reproduction layer of 40nm thickness, a GdayFesa intermediate layer of 10nm 
20 thickness, a Dy25(Fe7oCo3o)75 memory layer of 30nm thickness and an SiN protective layer of 70nm thickness 
were formed on a polycarbonate substrate In the order named, thus obtaining the medium with a structure 
shown in Fig. 42. 

In this experimental example, DyFeCo was used for the memory layer instead of TbFeCo. The good results 
as In Experimental Example 37 were obtained for both C/N and the crosstalk. It has been confirmed that the 
25 present invention is not limited to the TbFeCo memory layer. 

Next, in order to make the effect of the present Invention more distinct, like experiments were perfomned 
relative to the conventional medium structure for comparison. 

(Comparative Example 14) 

30 

Using the same apparatus and method as in Experimental Example 37. an SiN interference layer of 90nm 
thickness, a Tb2o(FesoCo2o)8o memory layer of 80nm thickness and an SiN protective layer of 70nm thickness 
were fomned on a polycarbonate substrate in the order named. In other words, a single layer disc having, as 
a magnetic layer, only the memory layer used in Experimental Example 37 was prepared. First, the 0.40^im 

35 marks were recorded on the medium, and the reproducing power dependencies of carrier and noise were meas- 
ured. The results are shown In Tk). 43. As seen in the figure, although a carrier level increases according to 
increment of the reproducing power, the slope is gradual since the mask effect observed in the medium of the 
present invention can not be obtained. 

Next, the marks of various sizes were recorded on the medium of this comparative example, and the spatial 

40 frequency characteristic was measured. The results are shown In Fig. 46, wherein it is seen that, although the 
sufficiently high C/N ratio was obtained when the mark length was large. I.e. 0.78^m. the resolution was rapidly 
reduced when exceeding a cut-off frequency of the optical system. 

Further, in the measurement of the crosstalk, since the effective track pitch of 0.8|im was narrow relative 
to the reproducing spot, and further, no mask effect was provided in case of the single layer disc, the crosstalk 

45 of only about -22dB was obtained as shown in Fig. 47. 

(Comparative Example 15) 

Using the same apparatus and method as in Experimental Example 37, an SiN interference layer of 90nm 
50 thickness, a Gd28(Fe6oCo4o)72 reproduction layer of 70nm thickness, a Tb2o(Fe8oCo2o)8o memory layer of 30nm 
thickness and an SiN protective layer of 70nm thickness were formed on a polycarbonate substrate in the order 
named, thus obtaining the medium with a structure shown in Fig. 3A. 

First, the marks of 0.40|im mark length were recorded on the medium, and reproducing power dependen- 
cies of carrier and noise were measured. The results are shown in Fig. 43. As seen in the figure, since even 
55 the medium of this comparative example provides the super-resolution effect by using an in-plane magneti- 
zation film at low temperatures, a carrier level was increased, as in the medium of the present invention in 
Experimental Example 37, in a range of the reproducing power between O.SmW and 2.8mW. However, in the 
two-layered super-resolution medium of this comparative example, since a rear mask does not appear even 
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when the reproducing power is increased to 3mW or more, the rapid carrier increase as in the medium of the 

present invention in Experimental Example 37 was not observed. 

Next, the marks of various sizes were recorded on the medium of this comparative example, and the spatial 

frequency characteristic was measured. As shown in Fig. 46, the results were such that, although the resolution 
5 was increased at high-frequency regions as compared with the single layer disc, since no rear mask effect 

was provided and a positional relationship between the aperture region and the spot was not optimum, the 

resolution was Inferior as compared with the disc of Experimental Example 37. 

On the other hand, with regard to the crosstalk, the front mask largely influences, but the rear mask does 

not. Accordingly, as shown in Fig. 47, the crosstalk of about -30dB. which is equivalent to that obtained in the 
10 medium of Experimental Example 37, was obtained. 



15 



20 



25 



30 



35 



40 



45 



1: ft 3 o 



H U 



ON 

CD 

rH 

(t) 



O 
O 



O 
U* 

K 

CD 

U 
<V 
>i 
<0 

I-) 

C 
o 

•H 
4J 
O 

o 
u 
a 

0) 

a: 



o " a 
o 



c 

O I ^ 

M «H C O 

U 4J O U 

« © -H 

U G 4^ ^ 

01 « e 

*> m t «j 

01 



•H U 10 £ 



o 
o 



in 

CM 



o 
a) 



00 



4J CO 

c 

6 w 

^ a 

u <s 
a, K 

X 

M 



o o 
o o 



o O 



CM cn 



(0 CO 
C 

u e 

K M 
Id 



O O 

o o 
<n en 



in o 
r-i m 

C4 CM 



CO o\ 

CM CM 



CO 0« 

4J CO 

c 

Of 0) 

e ^ 

-H a 

u B 

0) <d 

X w 
Id 



o 
o 



in 

CM 



CO 
<M 



o. 
6 
O 
O 



50 



55 



54 



BNSDOCID: <EP 0686970A2. I . > 



EP0 686 970 A2 



10 



15 



20 



25 



30 



35 



40 



13 
0) 

C 

-H 

C 

o 
o 



(0 
H 





Curie 
Tempe- 
rature 

( c) 




o S 




1 


1 


0. 

o 
o 


Compen- 
sation 
Temperature 

{ c) 


1 


1 t 


1 1 


1 


1 


o 

IT 

o 
u 

h 

BT 
O 

o 

oT 
o 

0) 

>1 

(0 

•J 

0) 

•H 

0) 
E 
U 

o 

4J 
C 

M 


Saturation 
Magneti- 
zation 

(emu/cc) 


o 


o o 
o in 
r- 1 


O O 


1 


1 


Film 
Thick- 
ness 
(nm) 


o 


o o 


o o 


1 


1 




o 


3° 


o o 


1 


1 


tr *-» 


o 


o o 


O ro 


1 


1 




r- 

CO 


in in 




1 


1 




Experimental 
Example 37 


II Experimental 
Example 38 


Experimental 
Example 39 


Comparative 
Example 14 


Comparative 
Example 15 



45 



50 



55 



55 



BNSCKDCID; <EP . 06a6970A2.. t „> 



EP0 686 970 A2 



10 



15 



20 



25 



30 



35 



40 



45 



50 



55 



0) 

C 
•H 
+J 
C 
O 
O 



.-I 
(0 



Cross- 
talk 


§^ 
o 


CO 
fM 

1 


rH W5 

m CM 
1 1 


GO O 

n CO 
1 1 


IS 
fS 

f 


n 
1 


*^ 
u 


o n 

m •a 

o 


a» 
<n 


tn 

i*> ro 


m CO 




00 
IS 


§^ 

O O) 
O 


in 


r>j m 


in 


£0 
Ol 


vn 

ro 


CO 0) 

xi 

o 


o 
to 




o o* 
tn ^ 


^ 


o 
m 


« 

o 
o 

O 


Curie 
Tempe- 
rature 
( C) 


o 
r- 

(M 


o o 

IN IS 


o o 
ra IS 


o 
r- 

IS 


o 

IS 


Compen- 
sation 
Temperature 


1 


t t 


O 

1 IM 
IN 


1 


f 


u 

I 

o 
o 

oT 

< 


Saturation 
Magneti- 
zation 
(emu/cc) 


o 
in 
rg 
i 


-250 
-250 


-300 
250 


o 
tn 

IS 

1 


o 

ID 
IS 

1 


clory Lay€ 


Film 
Thick- 
ness 
(nm) 


o 
fi-) 


o o 
en n 


o o 
CO n 


o 


o 


Mer 




o 

<N 


o o 

CM rM 


00 tn 

r-i -sT 


o 

IS 


o 

fS 




Id 


O 
IS 


o o 


GO <HI 

«H ro 


O 
CM 


o 

IS 




Experimental 
Example 37 


Experimental 
II Example 3S 


1 Experimental 
1 Example 39 


Comparative 
Example 14 


Comparative 
Example 15 



56 



3NSDOCID: <EP. . 0586970A2_I._> 



EP0 686 970 A2 



(Fifth Embodiment) 

In a fifth embodiment, formation of a front mask in addition to a rear mask will be described, wherein a 
magnetic layer showing a perpendicular magnetic anisotropy at room temperature is used as the reproduction 

5 layer in the medium of the first embodiment. 

In the fifth embodiment, the front mask is formed using an initializing magnet. Accordingly, this arrange- 
ment appears to be outside the object of the present Invention. However, as compared with the conventional 
technique shown in Figs. 2A to 2C, wherein a front mask is formed using an initializing magnet and a rear mask 
is fomied using a reproducing magnet, this embodiment Is considered to be within the object of the present 

10 invention since only the initializing magnet is an external magnet so that a recorded mark equal to or smaller 
than the diffraction limit of light can be reproduced in high signal quality with a simple structure. 

Hereinbelow, a magneto-optical recording medium according to the fifth preferred embodiment of the pres- 
ent invention and an information reproducing method using the medium will be described in detail hereinbelow 
with reference to the accompanying drawings. 

15 The magneto-optical recording medium of the present invention has. on a translucent substrate, at least 
three magnetic layers, that is, a first magnetic layer, a third magnetic layer having a Curie temperature lower 
than those of the first magnetic layer and a second magnetic layer, and the second magnetic layer being a 
perpendicular magnetization film, in the order named from a side of the substrate (Fig. 58). Hereinbelow, the 
first magnetic layer will be referred to as a reproduction layer, the second magnetic layer as a memory layer 

20 and the third magnetic layer as an intermediate layer. 

Further, for improvement, the medium may have a four-magnetic-layered structure by dividing the fore- 
going intermediate layer Into two layers. In case of this four-magnetic-layered structure, the foregoing third 
magnetic layer is divided into two magnetic layers which will be referred to as first and second Intennediate 
layers from the light incident side. Hereinafter, when referring to simply as "intermediate layer", it represents 

25 the intermediate layer of the three-magnetlc-layered structure, and when referring to as "first intermediate lay- 
er" and "second Intermediate layer", they represent the first intermediate layer and the second intermediate 
layer, respectively, of the four-magnetic-layered structure. 

The reproduction layer is a layer for reproducing magnetization infonnation held in the memory layer. The 
reproduction layer is located closer to a light Incident side as compared with the intermediate layer and the 

30 memory layer, and its Curie temperature is set to be higher than those of the Intermediate layer and the memory 
layer for preventing deterioration of a Kerr rotation angle upon reproduction. Further, it is necessary that a co- 
ercive force of the reproduction layer is smaller than that of the memory layer. Preferably, the reproduction 
layer has a small magnetic anisotropy, and a compensation temperature between room temperature and the 
Curie temperature. Further, a magnetization manner of the reproduction layer is such that the reproduction 

35 layer is a perpendicular magnetization film at room temperature and between room temperature and the Curie 
temperature. As a specific material of the .tiproduction layer, a material, for example, a rare earth-iron family 
amorphous alloy, such as, GdFeCo, GdTbFeCo, GdDyFeCo, NdGdFeCo or the like, mainly containing GdFe- 
Co, is preferable since it has a high Curie temperature and a low coercive force and easily causes contraction 
of recorded magnetic domains in a high-temperature region, which is the prime aim of the present medium. 

40 The intermediate layer is provided mainly for partly mediating and partly reducing or cutting off an ex- 

change-coupling force from the memory layer to the reproduction I^yer. More specifically, the Intermediate 
layer has a role to moderate an interface magnetic wall energy between the reproduction layer and the memory 
layer for realizing, with a smaller initializing magnetic field, formation of a mask (front mask) at a low-temper- 
ature region within a light spot by inverting magnetization of the reproduction layer in one direction at room 

45 temperature and for stably holding a magnetization state of each layer even when a magnetic wall is generated. 
The intermediate layer has a further role to mediate an exchange-coupling force between the reproduction lay- 
er and the memory layer so as to transfer magnetization infomiation of the memory layer to the reproduction 
layer in an aperture region (medium-temperature region). The intermediate layer has a still further role to cut 
off the exchange-coupling force between the reproduction layer and the memory layer for forming a rear mask 

50 in a high-temperature region. Accordingly, the intermediate layer is located between the reproduction layer and 
the memory layer and has a Curie temperature which is set to be higher than room temperature and lower 
than those of the reproduction layer and the memory layer. The Curie temperature of the Intermediate layer 
is set to be high enough to mediate the exchange-coupling force from the memory layer to the reproduction 
layer at a low-temperature portion and a medium-temperature portion within a light spot, but low enough to 

55 cut off the exchange-coupling force at a highest-temperature portion within the light spot, and thus preferably, 
80**C or higher and 220°C or lower, and more preferably, 110**C or higher and 180°C or lower. When the re- 
production layer has the compensation temperature between room temperature and the Curie temperature, 
the Curie temperature of the intermediate layer is set to a temperature within a range of, preferably, -100**C 
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to •^50''C relative to the compensation temperature, and more preferably, -80*'C to -i'20*'C relative to the com- 
pensation temperature. 

An in-plane anlsotropy of the Intermediate layer at room temperature is set to be greater than those of the 
reproduction layer and the memory layer at room temperature. This means that the magnetization of the in- 
5 termediate layer is more liable to align in an in-plane direction as compared with those of the reproduction layer 
and the memory layer. 

As a material of the intermediate layer, for example, a rare earth-iron family amorphous alloy, such as, 
GdFe, GdFeCo, GdTbFeCo, GdDyFeCo or the tike is preferable. It is also effective to increase an effective 
in-plane anisotropy by increasing the saturation magnetization. This can reduce the interface magnetic wall 

10 energy between the first intermediate layer and the memory layer. A non-magnetic element, such as, Cr, Al, 
Si, Cu or the like may be added for lowering the Curie temperature. 

Further, in order to improve the reproducing characteristic of the medium of the present invention, the fore- 
going intermediate layer may be divided into two magnetic layers as the first intermediate layer and the second 
intermediate layer, which are provided next to the reproduction layer from the light incident side. In this case, 

15 the first intermediate layer has a role to stably hold, at a low temperature, the magnetization state of the re- 
production layer at a front mask region in the low-temperature region after initialization, and to cause contrac- 
tion of the magnetic domain of the reproduction layer at the high-temperature region. In view of this, a perpen- 
dicular magnetic anisotropy of the first intermediate layer is set to be greater than that of the reproduction layer. 
In other words, a coercive force thereof is large. A Curie temperature of the first intermediate layer is set to be 

20 the same as the Curie temperature of the foregoing intermediate layer, which is lower than those of the other 
magnetic layers (reproduction layer, second intermediate layer, menrwry layer). As a material of the first inter- 
mediate layer, TbFe, TbFeCo, GdTbFeCo, GdDyFeCo, DyFe, DyFeCo, TbDyFeCo or the like is preferable. The 
second intermediate layer mainly has a role, as the foregoing Intermediate layer, to moderate an interface mag> 
netic wall energy between the reproduction layer and the memory layer for realizing, with a smaller initializing 

25 magnetic field, formation of a mask (front mask) at a low-temperature region within a light spot by Inverting 
magnetization of the reproduction layer in one direction at room temperature and for stably holding a magne- 
tization state of each layer even when a magnetic wall is generated. In view of this, an in-plane anisotropy of 
the second intermediate layer at room temperature is set to be greater than those of the first intermediate layer 
and the memory layer. As a material of the second intermediate layer, a material, such as, GdFe, GdFeCo, 

30 GdTbFeCo, GdDyFeCo or the like, mainly containing Gd, is preferable. It is also effective to increase an ef- 
fective in-plane anisotropy by increasing the saturation magnetization. This can reduce the interface magnetic 
wall energy between the first intermediate layer and the memory layer. 

The memory layer is a layer for storing recorded information and thus is required to stably hold the magnetic 
domains. As a material of the memory layer, a material which has a large perpendicular magnetic anisotropy 

35 and can stably hold a magnetization state, for example, a rare earth-iron family amorphous alloy, such as, 
TbFeCo, DyFeCo, TbDyFeCo or the like, garnet, a platinum family-iron family periodic structure film, such as, 
Pt/Co, Pd/Co or the like, or a platinum family-iron family alloy, such as, PtCo, PdCo or the like is preferable. 

An element, such as, Al, Ti, Pt, Nb, Cr or the like may be added to the reproduction layer, the intermediate 
layer and the memory layer for improving their corrosion resistances. For enhancing the interference effect 

40 and the protective performance, a dielectric layer formed of SiNx. AlOx, TaOx. SiOx or the like may be provided 
in addition to the foregoing reproduction, intermediate and memory layers. Further, for improving thermal con- 
ductivity, a layer formed of Al. AITa, AITi, TlCr, Cu or the like and having good thermal conductivity may be 
provided. Further, an initialization layer in which magnetization is aligned in one direction for performing the 
optical modulation overwrite may be provided. Further, auxiliary layers for recording assistance and reproduc- 

45 ing assistance may be provided to adjust the exchange-coupling force or the magnetostatic coupling force. 
Moreover, a protective coat formed of the foregoing dielectric layer or a polymer resin may be added as a pro- 
tective film. 

Since the recording process of this embodiment is the same as that in the first embodiment, explanation 
thereof will be omitted for brevity. 
50 Now, the reproduction process of the present invention will be described hereinbelow. 

In the present invention, the magnetic super resolution is realized by apparently and optically masking a 
partial region within the light spot without applying the external magnetic field. In the present medium, the front 
mask, the rear mask and the aperture are present within the light spot. These regions are divided by a tem- 
perature distribution within the light spot. Hereinbelow, structures of these masks and nature of the aperture 
55 will be described. 

In the present invention, there are a medium formed of three magnetic layers and a medium formed of 
four magnetic layers. Explanation will be given to each of them. Hereinafter, Tm1 represents a boundary tem- 
perature between the front mask and the aperture, and Tm2 represents a boundary temperature between the 
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aperture and the rear mask. 

(A) Three-Magnetic-Layered Structure (see Figs. 59A to 59C) 
5 (a) Front Mask Region 

First, the front mask to be formed in the low-temperature region will be described hereinbelow. 

In the present medium, the magnetization of the reproduction layer is aligned in one direction by an Ini- 
tializing magnetic field to form a front mask region in advance before irradiation of a light beam. 
10 Before irradiating the light beam, that is, when a medium temperature T is an ambient temperature Ta (room 
temperature), in order to align the magnetization of the reproduction layer in one direction, relation (30) should 
be established. 

Hc1 + Hw1 < Mini (T = Ta) (30) 
wherein Hc1 represents a coercive force of the reproduction layer, Hw1 an effective magnetic field ap- 
15 plied to the reproduction layer due to an interface magnetic wall between the reproduction layer and the mem- 
ory layer. Hini an initializing magnetic field. 

Further, relation (31) should be established for preventing damage to the magnetization Information of the 
memory layer due to the Initializing magnetic field. 

Hc2 + Hw2 > Hini (T = Ta) (31 ) 
20 wherein Hw2 represents an effective magnetic field applied to the memory layer due to the interface 

magnetic wall between the reproduction layer and the memory layer. 

If an interface magnetic wall energy between the reproduction layer and the memory layer is awl. a sat- 
uration magnetization of the reproduction layer is Ms1 , a saturation magnetization of the memory layer is Ms2. 
a film thickness of the reproduction layer is hi and a film thickness of the memory layer is h2, Hwl and Hw2 
25 are expressed by relations (32) and (33), respectively. 

Hw1 = owi/(2Ms1h1) (32) 
Hw2 = owi / (2Ms2h2) (33) 
Further, relation (34) should be established for holding formation of the mask within the light spot after 
initialization and even when the medium temperature increases due to irradiation of the light beam. 
30 Hw1 < Hcl (Ta<T<Tm1) (34) 

(b) Aperture Region 

The initialized reproduction layer reduces Hcl as the medium temperature T is raised due to irradiation of 
35 the light beam. When the effective magnetic field due to the Interface magnetic wall becomes dominant, the 
magnetization of the reproduction layer Is inverted so as to eliminate the interface magnetic wall. As a result, 
the magnetization information of the memory layer is transferred to the reproduction layer. A condition for this 
Is expressed by relation (35). 

Hcl < Hwl Crm1<T<Tm2) (35) 
40 In further detail. In addition to the effective magnetic field Hwl due to the exchange-coupling force from 

the memory layer 513. an effective magnetic field Hwb due to the Bloch magnetic wall energy and a static 
magnetic field Hd from the interior of the medium are applied to the recorded magnetic domain 1. Hwl works 
to stably hold the recorded magnetic domain 1 of the reproduction layer, while Hwb and Hd apply forces in 
directions to expand and contract the recorded magnetic domain. Accordingly, in order for the reproduction 
45 layer 511 to be stably transfenred with the magnetization of the memory layer 513. a condition expressed by 
relation (36) should be satisfied before the recorded magnetic domain reaches the high-temperature region. 

I Hwb . Hd I < Hcl + Hw1 (Tml < T<Tm2) (36) 
The coercive force Hcl of the reproduction layer 511 is apparently increased due to the exchange-coupling 
force from the memory layer 513. Accordingly, relation (36) can be easily established to stably transfer the 
50 magnetization information of the memory layer 51 3 so that the recorded information can be reproduced accu- 
rately. 

(c) Rear Mask Region 

55 Since detail of the rear mask region (high-temperature region) Is the same as that in the first embodiment, 

explanation thereof will be omitted for brevity. 
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(B) Four-Magnetic-Layered Structure (see Figs. 60Ato 60C) 

In the foregoing description, the intermediate layer is formed of one magnetic layer. On the other hand, 
the intermediate layer can be divided into two magnetic layers to improve the characteristic for performing re- 
5 production more stably. 

Specifically, the Intermediate layer is divided into a first intermediate layer 5121 and a second intermediate 
layer 51 22. For establishing relations (34) and (35) more reliably, the first Intermediate layer 5121, which has 
a perpendicular magnetic anisotropy greater than and a Curie temperature lower than those of the reproduction 
layer, is provided between the reproduction layer and the memory layer, and the second intermediate layer 
10 5122 is provided between the first intermediate layer and the memory layer for stabilizing the magnetic wall 
generated between the first intermediate layer and the memory layer. 

At this time, a coercive force of the reproduction layer is apparently increased due to the first Intenmediate 
layer 5121. If a saturation magnetization of the first intermediate layer 5121 is Ms5, a coerdve force thereof 
is Hc5, and a film thickness thereof is h5, an apparent coercive force Hcl ' of the reproduction layer is expressed 
15 by relatbn (37). 

Her = (MslhlHcl + Ms5h5Hc5)y(Ms1h1 + Ms5h5) (37) 
Further, Hwl becomes Hwl' expressed by relation (38). 

Hwr = awi/(2Ms1h1 + 2Ms5h5) (38) 
Accordingly, at a low temperature, the coercive force of the reproduction layer becomes greater as com- 
20 pared with the case where the intermediate layer is not divided. Further, the effective magnetic field due to 
the interface magnetic wall becomes smaller. Thus, relation (34) can be established more stably. 

When the temperature is further increased, since the Curie temperature of the first intermediate layer 5121 
is low, the coercive force of the reproduction layer rapidly returns to the norrnal small state. Accordingly, relation 
(35) can also be established stably at the same time. 
25 As described above, the four-magnetic-layered structure is capable of performing the super-resolution re- 

production more stably as compared with the three-magnetic-layered structure. 

The present invention will be described in further detail by way of experimental examples. However, the 
present invention is not limited to these experimental examples. 

30 (Experimental Example 42) 

Si, Gd, Tb, Fe and Co targets were attached to a DC magnetron sputtering apparatus, and a glass sub- 
strate having a diameter of 130mm and a polycarbonate substrate with lands and grooves were fixed to a sub- 
strate holder which was set at a position separated from the respective targets by a distance of 160mm. There- 

35 after, the interior of the chamber was evacuated by a cryopump to a high vacuum of 1 x 1 0-^ Pa or less. During 
the evacuation, Ar gas was introduced into th: hamber to 0.4Pa, and thereafter, an SiN interference layer of 
90nm thickness, a GdFeCo reproduction layer of 40nm thickness, a GdFe intermediate layer of 1 5nm thickness, 
a TbFeCo memory layer of 30nm thickness and an SiN protective layer of 70nm thickness were formed on the 
substrate in the order named, thus obtaining a sample with a structure shown in Fig. 61. Upon formation of 

40 each SiN dielectric layer, N2 gas was introduced in addition to the Ar gas, and the SiN layer was formed by 
DC reactive sputtering, adjusting a mixing ratio of the Ar and N2 gases, so as to obtain a refractive index of 
2.1. 

The composition of the GdFeCo reproduction layer was set to represent RE rich at room temperature, a 
saturation magnetization Ms of 108emu/cc, a compensation temperature of 160°C and a Curie temperature 
45 of 300°C or more. 

The composition of the GdFe intermediate layer was set to represent RE rich at room temperature, a sat- 
uration magnetization Ms of 420emu/cc and a Curie temperature of 190°C. 

The composition of the TbFeCo memory layer was set to represent TM rich at room temperature, a sat- 
uration magnetization Ms of -240emu/cc and a Curie temperature of 270**C. 
50 Subsequently, the recording/reproduction characteristic was measured In the following manner, using this 

magneto-optical recording medium. Before reproduction, an initializing magneticfield of 3,000 Oe in a perpen- 
dicular direction was applied to the medium. The results are shown in Tables 10 to 14. 

After recording a magnetic domain of a 0.78|Am mark length in the magneto-optical recording medium, the 
magnetic domain was observed by a polarizing microscope under inradiation of a semiconductor laser beam 
55 of 830nm. While increasing the laser power, it was confirmed that the recorded magnetic domain was con- 
tracted and the magnetization was oriented in an erasing direction at the center (high-temperature region) of 
the light spot at a certain laser power. 

Subsequently, the recording/reproduction characteristic was measured using this magneto-optical record- 
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ing medium. The measurement was performed by setting N.A. of an objective lens to be 0.55, a laser beam 
wavelength to be 780nm, a recording power to be In a range of 7k to 1 3mW and a reproducing power to be in 
a range of 2.5 to 3.5mW, so as to provide the highest C/N ratio. A linear velocity was set to be 9m/s. First, erasing 
was performed entirely on the medium, and thereafter, carrier signals of 5.8MHz, 11.3MHz and 15MHz (cor- 

5 responding to mark lengths 0.78^m, 0.40^m and O.SO^m, respectively) were recorded In the menu)ry layer so 
as to examine the mark-length dependency of C/N. 

Subsequently, crosstalk with the adjacent tracks (hereinafter refen'ed to as "crosstalk") was measured. 
Specifically, after recording a signal of a OJS^im mark length on the land as in the foregoing manner and meas- 
uring a carrier level CI. a carrier level C2 was similarly measured upon tracking the adjacent groove where 

10 data had been erased, and the crosstalk was represented by a ratio (C2/C1). Since the experiment was per- 
formed on the assumption that data were recorded on both the land and groove, an effective track pitch was 
O.B^m. Both the C/N ratios and the crosstalk were measured without applying an initializing magnetic field and 
a reproducing magnetic field. Tables 10 to 14 show compositksns and materiality values of each layer and the 
results of the C/N ratios and the crosstalk. 

15 

(Experimental Example 43) 

Using the same apparatus and method as in Experimental Example 42, an SiN interference layer of 90nm 
thickness, a GdFeCo reproduction layer of 40nm thickness, a TbFeCoCr intermediate layer of 11 nm thickness, 

20 a GdFeCo auxiliary layer of 1 5nm thickness, a TbFeCo memory layer of 30nm thickness and an SIN protective 
layer of 70nm thickness were formed on a polycarbonate substrate in the order named, thus obtaining a sample 
with a structure shown in Fig. 62. Upon formation of each SIN dielectric layer, N2 gas was introduced in addition 
to the Ar gas, and the SiN layer was formed by DC reactive sputtering, adjusting a mixing ratio of the Ar and 
N2 gases, so as to obtain a refractive index of 2.1 . 

25 The composition of the GdFeCo reproduction layer was set to represent RE rich at room temperature, a 
saturatbn magnetization Ms of 160emu/cc, a compensation temperature of IBO^'C and a Curie temperature 
of 300**C or more. 

The composition of the TbFeCoCr first intermediate layer was set to represent TM rich at room tempera- 
ture, a saturation magnetization Ms of -160emu/cc and a Curie temperature of ISO^'C. 
30 The composition of the GdFeCo second intermediate layer was set to represent TM rich at room temper- 
ature, a saturation magnetization Ms of -160emu/cc and a Curie temperature of 300°C or rTU>re. 

The composition of the TbFeCo memory layer was set to represent TM rich at room temperature, a sat- 
uration magnetization Ms of -240emu/cc and a Curie temperature of 270°C. 

Subsequently, using this magneto-optical recording medium, the recording/reproduction characteristic 
35 was evaluated as in Experimental Example 42. Before reproduction, an initializing magnetic field of 3,000 Oe 
in a perpendicular direction was applied to the medium. The results are shown in Tables 10 to 14. 

(Experimental Example 44) 

40 Using the same apparatus and method as In Experimental Example 42, an SIN Interference layer of 90nm 

thickness, a GdFeCo reproduction layer of 32nm thickness, a TbFeCo Intermediate layer of 11 nm thickness, 
a GdFeCo auxiliary layer of 1 6nm thickness, a TbFeCo memory layer of 30nm thickness and an SIN protective 
layer of 70nm thickness were formed on a polycarbonate sut}strate in the order named, thus obtaining a sample 
with a structure shown in Fig. 62. 

45 The composition of the GdFeCo reproduction layer was set to represent RE rich at room temperature, a 

saturation magnetization Ms of 170emu/cc, a compensation temperature of 205*'C and a Curie temperature 
of 300**C or more. 

The composition of the TbFeCo first intermediate layer was set to represent TM rich at room temperature, 
a saturation magnetization Ms of -180emu/cc and a Curie temperature of 145°C. 
50 The composition of the GdFeCo second intermediate layer was set to represent TM rich at room temper- 

ature, a saturation magnetization Ms of -160emu/cc and a Curie temperature of SOO^'C or more. 

The composition of the TbFeCo memory layer was set to represent TM rich at room temperature, a sat- 
uration magnetization Ms of -150emu/cc and a Curie temperature of 230°C. 

Subsequently, using this magneto-optical recording medium, the recording/reproduction characteristic 
55 was evaluated as in Experimental Example 42. Before reproduction, an initializing magnetic field of 3,000 Oe 
in a perpendicular direction was applied to the medium. The results are shown in Tables 10 to 14. 

Now, the known super-resolution magneto-optical recording medium was prepared, and evaluation thereof 
was performed in the same manner as In the foregoing experimental examples. 
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(Comparative Example 16) 

First, a medium the same as that described in Japanese Patent Application L^id-open No. 3-93056 was 
prepared and evaluated. 

5 Using the same film forming apparatus and method as In Experimental Example 42, an SIN interference 

layer of 90nm thickness, a GdFeCo reproduction layer of 30nm thickness, a TbFeCoAl intermediate layer of 
10nm thickness, a TbFeCo memory layer of 40nm thickness and an SiN protective layer of 70nm thickness 
were formed on a glass substrate in the order named, thus obtaining the magneto-optical recording medium 
of Comparative Example 16. 

10 The composition of the GdFeCo reproduction layer was set to represent TM rich at room temperature, Ms 
of -ISOemu/cc and a Curie temperature of SOO'^C or more. 

The composition of the TbFeCoAl intermediate layer was set to represent TM rich at room temperature, 
Ms of -160emu/cc and a Curie temperature of 140°C. 

The composition of the TbFeCo memory layer was set to represent TM rich at room temperature, Ms of 
15 -240emu/cc and a Curie temperature of 260°C. 

Subsequently, using this magneto-optical recording medium, the recording/reproduction characteristic 
was measured as in Experimental Example 42. In this case, however, upon reproduction, a reproducing mag- 
netic field was applied to the medium in a perpendicular direction, by changing a magnitude of the reproducing 
magnetic field between 0 Oe, 200 Oe and 400 Oe. The results are shown in Tables 10 to 14. The conventional 
20 non-super-resolution medium, such as, the medium having only the memory layer, showed data similar to the 
reproduction characteristic (C/N, crosstalk) obtained in the medium of this comparative example when the re- 
producing magnetic field Is 0. 

(Comparative Example 1 7) 

25 

Next, a medium the same as that described in Japanese Patent Application Laid-open No. 3-255946 was 
prepared and evaluated. In this case, the intermediate layer was divided Into two layers for improving the char- 
acteristto. 

Using the same film forming apparatus and method as In Experimental Example 42, an SiN interference 
30 layer of 90nm thickness, a GdFeCo reproduction layer of 30nm thickness, a TbFeCoAl first intermediate layer 
of lOnm thickness, a GdFeCo second intermediate layer of ISnm, a TbFeCo memory layer of 40nm thickness 
and an SiN protective layer of 70nm thickness were formed on a glass substrate in the order named, thus ob- 
taining the magneto-optical recording medium of Comparative Example 17. 

The composition of the GdFeCo reproduction layer was set to represent TM rich at room temperature, Ms 
35 of -160emu/cc and a Curie temperature of 300°C or more. 

The composition of the TbFeCoAl first intermedi ' . teyer was set to represent TM rich at room temperature, 
Ms of -160emu/cc and a Curie temperature of ^40''C, 

The composition of the GdFeCo second intermediate layer was set to represent TM rich at room temper- 
ature, Ms of -160emu/cc and a Curie temperature of 280**C. 
40 The composition of the TbFeCo memory layer was set to represent TM rich at room temperature, Ms of 

-240emu/cc and a Curie temperature of 260°C. 

Subsequently, using this magneto-optical recording medium, the recording/reproduction characteristic 
was measured as in Experimental Example 42. In this case, however, prior to reproduction, an initializing mag- 
netic field of 3,000 Oe in a perpendicular direction was applied to the medium, and a reproducing magnetic 
45 field was applied to the medium by changing a magnitude of the reproducing magnetic field between 0 Oe, 
200 Oe and 400 Oe. The results are shown in Tables 10 to 14. 

According to the measurement results of the foregoing Experimental Examples 42 to 44. particulariy to 
the measurement results with the short mark lengths, in any of the mediums, the high C/N ratios were obtained 
with the short mark lengths without applying the reproducing magnetic field. Further, the improvement in cross- 
so talk was also observed along with C/N. On the other hand, in the medium of Comparative Example 16. the 
sufficiently high C/N ratio was not obtained without applying the reproducing magnetic field of 400 Oe. Further, 
the crosstalk showed the bad results. On the other hand, in the medium of Comparative Example 17, no im- 
provement in C/N and crosstalk was observed without applying the sufficient reproducing magnetic field. 
Accordingly, in the magneto-optical recording medium of the present invention, both the C/N ratio and the 
55 crosstalk can be improved without applying the reproducing magnetic field or without applying the reproducing 
magnetic field. Thus, both the line recording density and the track density can be improved. 
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Reproduction Layer 


5 




Composition at% 


Film Thickness A 


Ms emu/cc 


Tcomp C 


IC U 




Experimental 
Example 42 


Gcl26(FeDl Co39)74 


A nn 
400 


lUo 






10 


Experimental 
Example 43 


Gd28(Fe65Co35)72 


400 


160 


180 


300< 




CA^ci III Id iiai 

Example 44 


Gd28(Fe60Co40)72 


400 


170 


206 


300< 


15 


Comparative 
example t o 


Gd20(Fe75Co25)80 


300 


-180 




300< 




Comparative 
Example 17 


Gd21(Fe75Co25)79 


300 


-160 




300< 


20 
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Intennedlate Layer or First Intermediate Layer 


25 




Composition at% 


Film Thickness A 


Ms emu/cc 


Tcomp * C 


Tc»C 




Experimental 
Example 42 


Gd38Fe62 


150 


420 




190 


30 


Experimental 
Example 43 


Tb18(Fe84Co10Cr6) 
82 


110 


-160 




150 




CA|Jd IIIIOl Hal 

Example 44 


Tb20(Fe96Co4)80 


110 


-180 




145 


35 


Comparative 
Example 16 


Tb18(Fe90Co5A15) 

82 


100 


-160 




140 




Comparative 
Example 17 


Tb18(Fe90Co5A15) 
82 


100 


-160 




140 


40 
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Second Intermediate Layer 


45 




Composition at% 


Film Thickness A 


Ms emu/cc 


Tcomp ° C 


1 Tc^C 




Experimental 
Example 43 


Gd22(Fe60Co40)78 


150 


-160 




300< 


50 


Experimental 
Example 44 


Gd21(Fe60Co40)79 


160 


-160 




300< 




Comparative 
Example 17 


Gd22(Fe60Co40)78 


160 


-160 




280 



55 
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Table 13 







Memory Layer 


5 




^^omposiLiun ai/o 


Film Thir*lcn^« A 

1 III 11 1 IIIUIVIICOo f\ 


Ms emu/cc 


Tcomp " C 


\ Tc^C 




Fynprimf^ntsl 

III 1 wi 1 ^cii 

Example 42 




300 




-240 




260 


10 


Experimental 
Example 43 


Tb20(Fe80Co20)80 


300 




-240 




260 




Experimental 
Example 44 


Tb20(Fe80Co20)80 


300 




-240 




260 


15 


Comparative 
Example 16 


Tb20(Fe80Co20)80 


300 




-240 




260 




Comparative 
Example 17 


Tb20(Fe80Co20)80 


300 




-240 




260 


20 
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25 




Initializing 
Magnetic Field 
Oe 


Reproducing 
Magnetic Field 
Oe 


C/N 


Crosstalk 












0.78^m dB 


0.40nm dB 


0.30^m dB 


Q.7e\im dB 


30 


Experimental 
Example 42 


3000 




0 


48 




41 


33 


-30 




Experimental 
Example 43 


3000 




0 


48 




44 


38 


-37 


35 


Experimental 
Example 44 


3000 




0 


49 




45 


38 


-36 




Comparative 
Example 16 


0 




0 


48 




18 


5 


-12 


40 




. 0 




200 


48 




30 


18 


-13 




0 




400 


48 




45 


36 


-19 




Comparative 
Example 17 


3000 




0 


48 




21 


2 


-15 


45 




3000 




200 


48 




30 


20 . 


19 






3000 




400 


48 




45 


34 


-39 



50 (Sixth Embodiment) 

In the foregoing embodiments, the information in the memory layer is transfenred to the reproduction layer 
in the medium-temperature region or in the low-temperature and medium-temperature regions, using the ex- 
change-coupling force. On the other hand, in the sixth embodiment, the infomfiation in the memory layer is 
55 transferred to the reproduction layer In those regions, using the magnetostatic coupling force. 

Hereinbelow, a magneto-optical recording medium according to the sixth preferred embodiment of the 
present invention and an information reproducing method using the medium will be described in detail here- 
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inbelow with reference to the accompanying drawings. 

The magneto-optical recording medium of the present invention has, on a translucent substrate, at least 
two magnetic layers, that is, a reproduction layer and a memory layer being a perpendicular magnetization 
film (Fig. 63A). 

5 The reproduction layer is a layer for reproducing magnetization information held in the memory layer. The 

reproduction layer is located closer to a light incident side as compared with the memory layer, and its Curie 
temperature is set to be higher than that of the memory layer for preventing deterioration of a Kerr rotation 
angle upon reproduction. Further, it is necessary that a coercive force of the reproduction layer is smaller than 
that of the memory layer. Moreover, it is necessary that the reproduction layer has a compensation temperature 

10 between room temperature and a Curie temperature of the memory layer. This Is because, in the present me- 
dium, upon reproduction, a high-temperature region within the light spot is increased to a temperature which 
exceeds the compensation temperature of the reproduction layer, so as to form the rear mask for performing 
the super-resolutbn reproduction. Accordingly, if the Curie temperature of the memory layer is equal to or lower 
than the compensation temperature of the reproduction layer, the magnetization infomiation of the memory 

15 layer is damaged upon reproduction so that the effect of the present invention can not be achieved. The Curie 
temperature of the memory layer is set to be higher than the compensation temperature of the reproduction 
layer, preferably, by 10°C or more, and more preferably, by 20°C or more. On the other hand, if it is set to be 
too high, the recording by the laser beam can not be easily performed. In view of this, the Curie temperature 
of the memory layer is set to be, preferably, no more than 280*'C, and more preferably, no more than 240''C. 

20 In other words, the compensation temperature of the reproduction layer is set to be, preferably, no more than 
270*'C, and more preferably, no more than 230°C. 

On the other hand, a magnetization manner of the reproduction layer is such that the reproduction layer 
is a perpendicular magnetization film at room temperature and between room temperature and its Curie tem- 
perature, or the reproduction layer is an in-plane magnetization film at room temperature and becomes a per- 

25 pendlcular magnetization film between room temperature and its compensation temperature. As a specific 
material of the reproduction layer, a material, for example, a rare earth-iron family amorphous alloy, such as, 
GdFeCo, GdTbPeCo, GdDyFeCo, NdGdFeCo or the like, mainly containing GdPeCo, is preferable since it has 
a high Curie temperature and a low coercive force and easily causes contraction of recorded magnetic domains 
in a high-temperature region, which is the prime aim of the present medium. 

30 When using GdFeCo for the reproduction layer, the compensation temperature largely depends on, par- 

ticularly, the composition of rare earth element (Gd). Thus, when using a magnetic layer mainly containing 
GdFeCo as the reproduction layer, it is preferable that Gd content is set to be 24 to 35 at %. 

The memory layer is a I ayerfor storing recorded information and thus is required to stably hold the magnetic 
donnains. As a material of the memory layer, a material which has a large perpendicular magnetic anisotropy 

35 and can stably hold a magnetization state, for example, a rare earth-iron family amorphous alloy, such as, 
TbFeCo, DyFeCo, TbDyFeCo or the like, is preferable. 

Further, it is necessary that a compensation temperature of the memory layer is set to be, at least, lower 
than a temperature where the reproduction layer is magnetostatlcalty coupled with the memory layer. This is 
because, in the present invention, since, upon reproduction, a high-temperature region within the light spot is 

40 increased to a temperature which exceeds the compensation temperature of the reproduction layer, so as to 
invert the net magnetization of the reproduction layer in an opposite direction as compared with the reproduc- 
tion layer at an aperture region, thereby causing the reproduction layer and the memory layer to be in an anti- 
magnetostatic coupling state to form the rear mask, it is necessary for the memory layer to hold the same mag- 
netization state in a transfer region and a rear mask region. 

45 For example, when using ferrimagnetic rare earth-Iron family element amorphous alloy films for the re- 

production layer and the memory layer, it may be arranged that the reproduction layer is rare earth element 
sublattice magnetization dominant at room temperature and the memory layer is iron family element sublattice 
magnetization dominant at room temperature, or both the reproduction layer and the memory layer are rare 
earth element sublattice magnetization dominant at room temperature. Since it is easy to realize the foregoing 

50 structure by using the ferrimagnetic rare earth-iron family element amorphous alloy film, this film is preferable 
for the medium of the present invention. 

Between the foregoing reproduction and memory layers, the exchange-coupling force is cut off and the 
magnetostatic coupling force is exerted over a temperature range from room temperature to a high tempera- 
ture. For realizing this, it is necessary that the reproduction layer is rare earth element sublattice magnetization 

55 dominant at room temperature and the memory later is iron family element sublattice magnetization dominant 
at room temperature. Further, for cutting off the exchange-coupling force working between the reproduction 
layer and the memory layer over the temperature range from room temperature to a high temperature, it is 
effective to prevent the exchange-coupling force from acting at the interface by the plasma processing after 
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formation of the reproduction layer and until formation of the memory layer, or to provide an intemnediate layer 
between the reproduction layer and the memory layer for cutting off the exchange-coupling force (Fig. 63B). 
A non-metal layer, such as, a dielectric, a non-magnetic metal layer, a magnetic layer formed of an In-plane 
magnetization film or the like is preferable as the intermediate layer. By providing such an intermediate layer, 
5 the exchange force can be cut off more reliably as compared with the foregoing plasma processing method. 

An element, such as. Al, Ti, Pt, Nb, Cr or the like may be added to the reproduction layer and the memory 
layer for improving their corrosion resistances. For enhancing the Interference effect and the protective per- 
formance, a dielectric layer formed of SINx. AIO^, TaOx, SiOx or the like may be provided In addition to the fore- 
going reproduction and memory layers. Further, for improving thermal conductivity, a layer fonnned of Al, AiTa, 
10 AITi. TICr, Cu or the like and having good thermal conductivity may be provided. Further, an inltiallzatk)n layer 
in which magnetization is aligned In one direction for performing the optical modulation overwrite may be pro- 
vided. Further, auxiliary layers for recording assistance and reproducing assistance may be provided to adjust 
the exchange-coupling force or the magnetostatic coupling force. Moreover, a protective coat formed of the 
foregoing dielectric layer or a polymer resin may be added as a protective film. 
15 Since the recording process of this embodiment is the same as that in the foregoing embodiments, ex- 
planation thereof will be omitted for brevity. 

Now, the reproduction process of the present invention will be described hereinbelow. 

In the present invention, the magnetic super resolution Is realized by apparently and optically masking a 
partial region within the light spot without applying the external magnetic field. Figs. 65A, 65B and 65C are 
20 diagrams showing a process, wherein the recorded magnetic domain of the reproduction layer transferred from 
the memory layer (hereinbelow simply referred to as "recorded magnetic domain") Is contracted in the high- 
temperature region while the light spot moves. For brevity, in Figs. 65Ato 65C. the contracting process of only 
one recorded magnetic domain is shown. Further, in these figures, a rare earth-Iron family ferrimagnetic sut)- 
stance is used as a magnetic material, blank arrows 630 represent the whole magnetization, black arrows 631 
25 represent the iron family sublattlce magnetization, the reproduction layer 611 is an RE rich magnetic layer and 
the memory layer 613 Is a TM rich magnetic layer. On the other hand, in Figs. 64A to 64C, the whole image 
upon reproduction is shown along with the temperature distribution. In Fig. 648, blank arrows represent the 
whole magnetization and black arrows represent the iron family sublattlce magnetizatton, like In Figs. 65Ato 
65C. 

30 The temperature distribution of the medium is shifted from the center of the light spot in a direction opposite 
to a moving direction of the light spot due to the limit of thermal conductivity. As shown in Fig. 65A, shortly 
after the light spot 602 has reached the recorded magnetic domain 601 , the recorded magnetic domain 601 
does not reach the high-temperature region 605. In addition to a magnetic field Hst due to the magnetostatic 
coupling force from the memory layer 613, an effective magnetic field Hwb due to the Bloch magnetic wall 

35 energy and a static magnetic field HIeak from another region of the reproduction layer are applied to the re- 
corded magnetic domain 601. Hst works to stably hold the recoi ' ,6 magnetic domain 601 of the reproduction 
layer, while Hwb applies a force in a direction to contract the recorded magnetic domain. Accordingly, In order 
for the reproduction layer 611 to be stably transferred with the magnetization of the memory layer 613, a con- 
dition expressed by relation (39) should be satisfied before the recorded magnetic domain 601 reaches the 

40 high-temperature region 605. 

iHwbiHIeakI < Hc1 + Hst(T<Th - mask) (39) 
If a Bloch magnetic wall energy Is crwb and a radius of the recorded magnetic domain 601 of the repro- 
duction layer 611 is r, Hwb is expressed by relation (40) and works in a direction to contract the recorded mag- 
netic domain 601 (Fig, 66). 

45 Hwb = owb/2Ms1r (40) 

When the light spot further moves so that the recorded magnetic domain 601 enters the high-temperature 
region where a temperature reaches equal to or higher than the compensation temperature of the reproduction 
layer, the net magnetization of the reproduction layer orients reversely. As result, the recorded magnetic do- 
main Is applied with an anti-parallel magnetostatic force from the memory layer. Accordingly. Hst works to invert 

50 the recorded magnetic domain like Hwb. Fig. 66 shows a state of the magnetic field applying to the magnetic 
domain just before contraction. Practically, the magnetic wall moves from the high-temperature side to cause 
contraction of the magnetic domain as shown in Fig. 66. Accordingly, relation (41 ) is established so that the 
Bloch magnetic wall 608 of the recorded magnetic domain 601 moves in a direction to contract the magnetic 
domain. 

55 Hwb + Hst ± HIeak > Hc1 (T>Th - mask) (41) 

As shown in Fig. 65B, when entering the high-temperature region 605, the recorded magnetic domain 601 
contracts to be Inverted so that, finally, as shown in Fig. 65C, the magnetization is all aligned in the erasing 
direction. 'Th-mask" shown in relations (40) and (41 ) and In Fig. 64C is equal to the compensation temperature 
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of the reproduction layer. 

Further, the static magnetic field Hst from the memory layer 613 also works on the magnetization in the 
erasing direction. However, if the magnetization In the erasing direction Is inverted by Hst. a magnetic wall is 
formed over an extensive range of the high-temperature region 605 so that the magnetic wall energy is largely 
5 increased. Accordingly, the magnetization inversion does not occur, and the magnetization in the erasing di- 
rection is held. Thus, in the high-temperature region 605, a region is generated in which magnetization is always 
oriented In the erasing direction. This region becomes the rear mask 605. If a radius of the inverted magnetic 
domain is R, an effective magnetic field Hwb* of the Bloch magnetic wall energy In case of the erasing mag- 
netization being Inverted is expressed by relation (42). 
10 Hwb' = <TWb/2Ms1R (42) 

Thus, a condition that the erasing magnetization is not inverted by Hst is expressed by relation (43). 

Hwb* > Hst (43) 

Specifically, as shown in Figs. 64A to 64C, since the reproduction layer 611 always becomes a perpen- 
dicular magnetization film orienting in the erasing direction at the high-temperature region 605 within the light 

15 spot 602, thus serving as an optical mask (rear mask 605). Accordingly, as shown in Fig. 64A, the light spot 
602 is apparently narrowed to a region excluding the high-temperature region 605 and serving as the aperture 
region 603 so that the recorded magnetic domain (recorded mark) having a period equal to or smaller than the 
detection limit can be detected. 

In the foregoing, the light spot region other than the high-temperature region becomes all the aperture re- 

20 gion. On the other hand, when the reproduction layer is formed of a magnetic layer which, in addition to the 
foregoing condition, is an in-plane magnetization film at room temperature and becomes a perpendicular mag- 
netization film between room temperature and the compensation temperature, not only the high-temperature 
region in the light spot, but also the low-temperature region In the light spot can be masked. 

Specifically, in the low-temperature region where a temperature Is around room temperature, the magne- 

25 tization information of the memory layer Is masked by the reproduction layer in the fomi of an in-plane mag- 
netization film. On the other hand, in the medium-temperature region where the reproduction layer becomes 
a perpendicular magnetization film, the magnetization information of the memory layer is transferred to the 
reproduction layer due to the magnetostatic coupling so as to be reproduced. Further, in the high-temperature 
region, the magnetization information of the memory layer is masked through the foregoing mechanism. The 

30 super resolution of such a double-mask type can improve not only the line recording density, but also the track 
density. 

The present invention will be described in further detail by way of experimental examples. However, the 
present invention Is not limited to these experimental examples. 

First, a magneto-optical recording medium in which a reproduction layer is a perpendicular magnetization 
35 film at room temperature and between room temperature and a Curie temperature was prepared and evalu- 
ated, which will be described In the following Experimental Examples 45 and 46. 

(Experimental Example 45) 

40 Si, Gd, Tb, Fe and Co targets were attached to a DC magnetron sputtering apparatus, and a glass sub- 

strate having a diameter of 1 30mm and a polycarbonate substrate with lands and grooves were fixed to a sub- 
strate holder which was set at a position separated from the respective targets by a distance of 1 50mm. There- 
after, the interior of the chamber was evacuated by a cryopump to a high vacuum of 1 x 1 0-5 Pa or less. During 
the evacuation. Ar gas was introduced into the chamber to 0.4Pa, and thereafter, an SIN Interference layer of 

45 90nm thickness, a GdFeCo reproduction layer of 40nm thickness, an SIN Intermediate layer of 1 0nm thickness, 
a TbFeCo memory layer of 35nm thickness and an SiN protective layer of 70nm thickness were formed in the 
order named, thus obtaining the magneto-optical recording medium of the present invention with a structure 
shown in Fig. 67. Upon fonmation of each SIN dielectric layer. Na gas was introduced in addition to the Ar gas. 
and the SiN layer was formed by DC reactive sputtering, adjusting a mixing ratio of the Ar and N2 gases, so 

50 as to obtain a refractive index of 2.1 . 

The composition of the GdFeCo reproduction layer was Gd24(Fe68Co32)76 and represented RE rich at room 
temperature. Ms of 120emu/cc, a compensation temperature of 200°C and a Curie temperature of 300°C or 
more. This reproduction layer was a perpendicular magnetization film at room temperature. 

The composition of the TbFeCo memory layer was Tb2o(Fe8oCo2o)8o an^* represented TM rich at room tem- 

55 perature, Ms of -230emu/cc and a Curie temperature of 250**C. 

Evaluation was performed in the following manner using the present medium. 

First, after recording a magnetic domain of a 0.78nm mark length in the magneto-optical recording medium, 
the magnetic domain was observed by a polarizing microscope under irradiation of a semiconductor laser beam 
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of 780nm. While increasing the laser power, it was confirmed that the transferred recorded magnetic domain 
was contracted and the magnetization was oriented in an erasing direction at the center (high- temperature 
region) of the light spot at a certain laser power. 

Subsequently, the recording/reproduction characteristic was measured using this magneto-optical record- 

5 ing medium. The measurement was performed by setting N.A. of an objective lens to be 0.55, a laser beam 
wavelength to be 780nm, a recording power to be in a range of 7 to 13mW and a reproducing power to be in 
a range of 3.0 to 4.0mW, so as to provide the highest C/N ratio. A linear velocity was set to be 9m/s. First, erasing 
was performed entirely on the medium, and thereafter, carrier signals of 5.8MHz, 11. 3MHz and 15MHz (cor- 
responding to mark lengths 0.78nm, 0.40nm and 0.30nm, respectively) were recorded in the memory layer so 

10 as to examine the mark-length dependency of C/N. 

Subsequently, crosstalk with the adjacent tracks (hereinafter referred to as "crosstalk") was measured. 
Specifically, after recording a signal of a 0.78^m mark length on the land as in the foregoing manner and meas- 
uring a carrier level CI, a carrier level C2 was similarly measured upon tracking the adjacent groove where 
data had been erased, and the crosstalk was represented by a ratio (C2/C1). Since the experiment was per- 

15 formed on the assumption that data were recorded on both the land and groove, an effective track pitch was 
0.8^m. 

Both the C/N ratios and the crosstalk were measured without applying an initializing magnetic field and a 
reproducing magnetic field. The results are shown in Table 15. It is seen that, although the crosstalk was not 
Improved, a high value was obtained for C/N with the short mark length. 

20 

(Experimental Example 46) 

A magneto-optical recording medium the same as that In Experimental Example 45 was prepared, except 
that the intermediate layer was omitted and that the memory layer was formed after the substrate was plasma- 

25 processed (the substrate was reverse-sputtered with RF of 300W) with a very small amount of O2 gas being 
introduced after formation of the reproduction layer. Also in this medium, the exchange coupling between the 
reproduction layer and the memory layer was cut off so that the super resolution effect was achieved without 
using the reproducing magnetic field. This magneto-optical recording medium was evaluated as in Experimen- 
tal Example 45. The results are shown in Table 15. It is seen that, although the crosstalk was not improved, a 

30 high value was obtained for C/N with the short mark length. 

(Experimental Example 47) 

Using the same apparatus and method as in Experimental Example 45, an SiN interference layer of 90nm 
35 thickness, a GdFeCo reproduction layer of 40nm thickness, an SiN intermediate layer of 10nm thickness, a 
TbFeCo memory layer of 35nm thickness and an SiN protective la;, - of 70nm thickness were formed on a 
polycarbonate substrate in the order named, thus obtaining the magneto-optical recording medium of the pres- 
ent invention with a structure shown in Fig. 67. Upon formation of each SiN dielectric layer, N2 gas was intro- 
duced in addition to the Ar gas, and the SiN layer was formed by DC reactive sputtering, adjusting a mixing 
40 ratio of the Ar and N2 gases, so as to obtain a refractive index of 2.1. 

The composition of the GdFeCo reproduction layer was Gd28(FeeoCo4o)72 and represented RE rich at room 
temperature. Ms of 220emu/cc, a compensation temperature of 217''C and a Curie temperature of 300X or 
more. This reproduction layer was an in-plane magnetization film at room temperature and became a perpen- 
dicular magnetization film at about 140°C. 
45 The composition of the TbFeCo memory layer was Tb2o(Fe8oCo2o)8o and represented TM rich at room tem- 

perature, Ms of -230emu/cc and a Curie temperature of 250''C. 

This magneto-optical recording medium was evaluated as in Experimental Example 45. The results are 
_ shown in Table 15. It is seen that, since the low-temperature region was masked by an in-plane magnetization 
film, the crosstalk was also improved along with C/N. 
50 Now, the known super-resolution magneto-optical recording medium was prepared, and evaluation thereof 

was performed in the same manner as in the foregoing experimental examples. 

(Comparative Example 18) 

55 First, a medium the same as that described in Japanese Patent Application Laid-open No. 3-93056 was 

prepared and evaluated. 

Using the same film forming apparatus and method as in Experimental Example 45, an SiN interference 
layer of 90nm thickness, a GdFeCo reproduction layer of 30nm thickness, a TbFeCoAl intermediate layer of 
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lOnm thickness, a TbFeCo memory layer of 40nm thickness and an SIN protective layer of 70nm thickness 
were fonmed on a glass substrate in the order named, thus obtaining the magneto-optical recording medium 
of Comparative Example 1 8. 

The composition of the GdFeCo reproduction layer was set to represent TM rich at room temperature, Ms 
5 of -1 80emu/cc and a Curie temperature of 300''C or more. 

The composition of the TbFeCoAl intermediate layer was set to represent TM rich at room temperature, 
Ms of -160emu/cc and a Curie temperature of 140''C. 

The composition of the TbFeCo memory layer was set to represent TM rich at room temperature, Ms of 
-150emu/cc and a Curie temperature of 250''C. 
10 Subsequently, using this magneto-optical recording medium, the recording/reproduction characteristic 
was measured as In Experimental Example 45. In this case, however, upon reproduction, a reproducing mag- 
netic field was applied to the medium in a perpendicular direction, by changing a magnitude of the reproducing 
magnetic field between 0 Oe, 200 Oe and 400 Oe. The results are shown in Table 15. 

15 (Comparative Example 1 9) 

Next, a medium the same as that described In Japanese Patent Application Laid-open No. 3-255946 was 
prepared and evaluated. 

Using the same film forming apparatus and method as In Experimental Example 45, an SiN Interference 
20 layer of 90nm thickness, a GdFeCo reproduction layer of 30nm thickness, a TbFeCoAl intermediate layer of 
10nm thickness, a GdFeCo auxiliary layer of 16nm, a TbFeCo memory layer of 40nm thickness and an SiN 
protective layer of 70nm thickness were formed on a glass substrate In the order named, thus obtaining the 
magneto-optical recording medium of Comparative Example 19. 

The composition of the GdFeCo reproduction layer was set to represent TM rich at room temperature. Ms 
25 of -160emu/cc and a Curie temperature of 300°C or more. 

The composition of the TbFeCoAl intermediate layer was set to represent TM rich at room temperature, 
Ms of -160emu/cc and a Curie temperature of 140X. 

The composition of the GdFeCo auxiliary layer was set to represent TM rich at room temperature, Ms of 
-160emu/cc and a Curie temperature of 280°C. 
30 The composition of the TbFeCo memory layer was set to represent TM rich at room temperature, Ms of 

-150emu/cc and a Curie temperature of 250^C. 

Subsequently, using this magneto-optical recording medium, the recording/reproduction characteristic 
was measured as in Experimental Example 45. In this case, however, prior to reproduction, an initializing mag- 
netic field in a perpendicular direction was applied to the medium by changing a magnitude of the initializing 
35 magnetic field between 0 Oe, 1 ,000 Oe and 2,000 Oe, and a reproducing magnetic field was applied to the 
medium by changing a magnitude of the reproducing magnetic field between 0 Oe, 200 Oe and 400 Oe. The 
results are shown in Table 15. 

Accordingly, in the magneto-optical recording medium of the present invention, the C/N ratio or both the 
C/N ratio and the crosstalk can be improved without applying the reproducing magnetic field or without applying 
40 both the Initializing magnetic field and the reproducing magnetic field. Thus, the line recording density or both 
the line recording density and the track density can be improved. 
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Claims 

1. A magneto-optical recording medium comprising: 

a substrate; 

a first magnetic layer laminated on said substrate for reproducing information; 

a second magnetic layer laminated on said first magnetic layer for storing the information; and 

a third magnetic layer disposed between said first and second magnetic layers and having a Curie 
temperature lower than Curie temperatures of said first and second magnetic layers, 

wherein a direction of magnetization of a region of said first magnetic layer, said region being ad- 
jacent to a region of said third magnetic layer where a temperature is equal to or higher than the Curie 
temperature of said third magnetic layer, is oriented in a direction of magnetization around said region of 
said first magnetic layer. 

2. The magneto-optical recording medium as set forth in claim 1 , wherein said first magnetic layer has a 
compensation temperature between room temperature and its Curie temperature. 

3. The magneto-optical recording medium as set forth in daim 1 , wherein said first magnetic layer is an in- 
plane magnetization film at room temperature and becomes a perpendicular magnetization film when in- 
creased in temperature. 

4. The magneto-optical recording medium as set forth in claim 1 , wherein said first magnetic layer is a per- 
pendicular magnetization film over a range fmm room temperature to its Curie temperature. 
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5. The magneto-optical recording medium as set forth In claim 2, wherein the Curie temperature of said sec- 
ond magnetic layer is lower than the Curie temperature of said first magnetic layer. 

6. The magneto-optical recording medium as set forth in claim 2, wherein the Curie temperature of said third 
5 magnetic layer Is around the compensation temperature of said first magnetic layer. 

7. The magneto-optical recording medium as set forth in claim 3, wherein a film thickness of said first mag- 
netic layer is no less than 20nm and no more than lOOnm. 

10 8. The nrtagneto-optical recording medium as set forth in claim 3, wherein a film thickness of said third mag- 
netic layer is no less than 3nm and no more than 30nm. 

9. The magneto-optical recording medium as set forth in daim 3, wherein said first magnetic layer is mainly 
formed of GdFeCo. 

15 

1 0. The magneto-optical recording medium as set forth in claim 3, wherein said third magnetic layer is mainly 
formed of one of GdFe and GdFeCo. 

11. The magneto-optical recording medium as set forth in claim 3, wherein said third magnetic layer is an in- 
20 plane magnetization film at room temperature and becomes a perpendicular magnetization film when in- 
creased in temperature. 

12. The magneto-optical recording medium as set forth in daim 11, wherein an in-plane anisotropy of said 
third magnetic layer at room temperature is greater than an in-plane anisotropy of said first magnetic layer 

25 at room temperature. 

1 3. The magneto-optical recording medium as set forth in claim 1 , wherein each of said first and second mag- 
netic layers is formed of a fenrimagnetic rare earth-iron family element amorphous alloy. 

30 14. The magneto-optical recording medium as set forth in daim 13, wherein said first magnetic layer is rare 
earth rich at room temperature and said second magnetic layer is iron family rich at room temperature, 
and vice versa. 

15. The magneto-optical recording medium as set forth in daim 9, wherein said first magnetic layer has the 
35 following composition: 

Gdx(Feioo - yCOy)^oo - x. wherein 24^x^32 and 20^y^50. 

1 6. The magneto-optical recording medium as set forth in claim 1 0, wherein said third magnetic layer has the 
following composition: 

40 Gdx(Feioo - yGOy)ioo - x. wherein 25^x^50 and 0^y^20. 

17. The magneto-optical recording medium as set forth in daim 1, wherein said second magnetic layer con- 
tains one of TbFe. TbFeCo, DyFe and DyFeCo as a main component. 

45 18. The magneto-optical recording medium as set forth in daim 17. wherein said second magnetic layer has 
the following composition: 

Tbx(Feioo - yCOy)ioo - x. wherein 14^x^33 and 14^y^45. 

Id. The magneto-optical recording medium as set forth in claim 6, wherein the compensation temperature 
so Tcomp of said first magnetic layer and the Curie temperature T3 of said third magnetic layer satisfy the 

following relation: 

-20°C^ Tcomp - T3^80°C 

20. The magneto-optical recording medium as set forth in daim 1. wherein a saturatbn magnetization Ms1 
55 of said first magnetic layer satisfies the following relation at room temperature: 

20emu/cc ^ Ms1 ^ 340emu/cc 

21. The magneto-optical recording medium as set forth in daim 1 , wherein a saturatbn magnetization Ms2 
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of said second magnetic layer satisfies the following relation when being rare earth rich at room temper- 
ature: 

Ms2 ^ 250emu/cc 

and the following relation when being iron family rich at room temperature: 
5 Ms2 ^ 350emu/cc 

22. The magneto-optical recording medium as set forth in claim 1 , wherein a saturation magnetization Ms3 
of said third magnetic layer satisfies the following relation when being rare earth rich at room temperature: 

Ms3 ^ 700emu/cc 

10 and the following relation when being iron family rich at room temperature: 

Ms3 ^ ISOemu/cc 

23. The magneto-optical recording medium as set forth in claim 1 , wherein the Curie temperature T3 of said 
third magnetic layer satisfies the following relation: 

15 80*C ^ T3 ^ 220^0 

24. The magneto-optical recording medium as set forth in claim 1, wherein a coercive force of said second 
magnetic layer Is smaller than a coercive force of said first magnetic layer. 

20 25. The mag neto-optical recording medium as set forth in daim 1 . wherein a coercive force of said third mag- 
netic layer is greater than a coercive force of said first magnetic layer. 

26. The magneto-optical recording medium as set forth in claim 1 , wherein said third magnetic layer cuts off 
an exchange-coupling force working between said first and second magnetic layers at least at a temper- 

25 ature equal to or higher than room temperature. 

27. The magneto-optical recording medium as set forth in daim 1 , wherein said third magnetic layer is a per- 
pendicular magnetization film over a range from room temperature to its Curie temperature. 

30 28. An Information reproducing method for reproducing Information stored in a magneto-optical recording me- 
dium including: 

a substrate; 

a first magnetic layer laminated on said substrate for reproducing the information; 
a second magnetic layer laminated on said first magnetic layer for storing the information; and 
35 a third magnetic layer disposed between said first and second magnetic layers and having a Curie 

temperature lower than Curie temperatures of said first and second magne" layers, 

wherein a direction of magnetization of a region of said first magnetic layer, said region being ad- 
jacent to a region of said third magnetic layer where a temperature is equal to or higher than the Curie 
temperature of said third magnetic layer, is oriented in a direction of magnetization around said region of 
40 said first magnetic layer, 

said information reproducing method comprising the steps of: 
irradiating a light spot; 

Increasing. In temperature, said third magnetic layer to near its Curie temperature in a high- 
temperature region within said light spot so as to orient the direction of magnetization, in said hlgh- 
45 temperature region, of said first magnetic layer In the direction of magnetization of said first magnetic layer 

around said high-temperature region; 

transferring the information stored in said second magnetic layer to said first magnetic layer at least 
at a medium-temperature region within said light spot; and 

reproducing said Information by detecting a magneto-optical effect of reflected light of said light 

50 spot. 

29. The information reproducing method as set forth in daim 28, wherein, in said transferring step, the infor- 
mation stored in said second magnetic layer Is transferred to said first magnetic layer via said third mag- 
netic layer due to an exchange-coupling force. 

55 

30. The information reproducing method as set forth in daim 28, wherein, in said transferring step, the infor- 
mation stored in said second magnetic layer is transfenred to said first magnetic layer due to a magneto- 
static coupling force. 
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31- The information reproducing method as set forth in claim 28. further comprising the step of applying an 
external magnetic field for initializing magnetization in a low-temperature region within said light spot to 
align in onedirectbn. 

5 32. A magneto-optical recording medium comprising a stack of laminated magnetic layers comprising a re- 
production layer, a storage layer, and at least one intermediate layer between the reproduction layer and 
the storage layer, wherein the intermediate layer has a Curie temperature lower than those of the repro- 
duction and storage layers, and is effective to cut off the exchange coupling between the reproduction 
and storage layer above a predetermined temperature. 

10 

33. A magneto-optical reproducing method using a recording medium according to Claim 32. 

34. A magneto-optical recording method using a recording medium according to Claim 32. 

15 
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FIG. 2B 
PRIOR ART 
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FIG. 3 A 
PRIOR ART 
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